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FOREWORD 

1  pnrpeM.  To  prvrid*  a  wiiw  of  *11  arailabl.  Information  on  cirrffom 
cloud/ (■S^aid*")  shocld  be  uaeftal  from  the  cpersHoart.,  feraeutinK,  and 

SS^loSSd ISnt*  f  *«•  «  «H*  ...  Um* It  1*  bop^  thU  ggort 

&  wwatar  of  tta*  iaportanee  of  the  high-clond  problae  end  of  eons  ^rsetaCT 

in^ch  fhrtbar  iaveetlgotlon  ie  eepocialljr  vo*d*A  to  neat  operational  nvl(wrt*< 

2#  scoot*  TfaL.  Report  indict*,  the  eifecte  of  cirrue  on  ailitary  *P*J*tt2*» 
*r*d  notell*  s^onireoant.  for  forooaatinc  eirru*.  Datalle  art  *«eia*ed  a.  to  otcarr- 
4m  riroh  ■  w  for*,  of  cimza,  physical  eenatitotton  of  eirru.,  thalr  sod«^  oi  *or*f~ 

SnftSotai**.  SUtriboUOT  — «■»  .*»” »  j* .g***  «?  "riOT*  otl*r 

MtwimlflBieal  oooMtlono.  TUlUlitj  does,  optical  too  ©laetrical  phenomena, 

lclns  and  tnrbulerce  in  eirrua  art  discussed.  The  various  aetbods  pwpoaad  fer  lb**- 
M  v  !  „  - 1  m  reprinted  frost  original  aoureaa,  and  opinion,  ca  to  their 
S^babf.  practical  due^apreesed.  Conaidarabla  data  of  a  diaatolQRieg-  aas*  «*» 
SclTKted/inclodlnc  heretofore  uspubliebed  Ubalatiooa  based on  Frojjct  C^tt^Trall, 
which  ahould  bo  ooafol  both  in  operation^.  placntof  atudiaa  w&  In  forecasting . 

1  jeknoulednanta.  Th.  Saodia  Corporation  haa  Hally  graatod  pedasien  for 
*.  ita  report  by  Eaadsick  on  a  cthod  of  cinroe  foraeaattng. 

,*  cS  K  J..  luan  mrsl!  of  May  Project  tSSNk  and  Mr.  Spy  ladlieh  off  IF  Cpteidga 
^Whwe^awual7<toBi^»d  infernation  firo*  thair  yet  wgwbaished 

stadias. 

L  Motional  CooiM.  TMa  Report  la  stocked  at  Headgoartere  MASS,  (kmmmoA 
idiatmt.TSffiwn^**  Additional  c<*A**  «ay  be  reyuisitieedffroa  H#*d' 
JJStSa’S  Weathar  Strrioa,  MWt  ACAD,  In  acoovdcc  Hth  ABR  5-3. 


Colonel,  F3AF 

£stint  Mraetor,  Scientific  Sendee 
KSfRUlItlOS* 

nq.  (lea  the  20$  overage  for  stock) 
plus  "2" 
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Quid#  for  Paine  Thle  Report 

Bit  puragrtpht  of  this  Report  are  written  to  that  to  a  large  ex¬ 
tent  they  can  be  read  and  understood  Independently  of  one  another*  how' 
ever,  •  pacific  eroet-refertncea  are  atde  to  that  no  Information  on  a 
given  topic  will  be  overlooked.  The  following  brief  Index  will  alto 
provide  a  quick  reference  to  Material  on  any  of  the  lilted  subjects: 


Subject 

Staantf^  and  Cone lua lent  of  Raport 
Porac:iating  Methods  (Complete): 

Forecasting  Alda  or  Rulaa  fort 
C'ir-’ufl  Haight 

Cirrus  tensity 
Cirrus  occurrence 

Visibility  in  Cirrus 

Synoptte  Asters  in  Cirrus  Htm tion 

or  <teiumnvs 

Phyes^l  teeters  in  Cirrus  temtlen 
Typas  and  Foma  of  Cirrus 

Cirri; js  In  Troploal  Regions 
Clrruf  in  Polar  Regions 
Associated  Phenomena 

Observational  Problem 

Obaervatlonal  Data  (Climatology) 


Pai-MMEh  Itunixr.  lass) 

5.0  (131). 

!:>  a.**®,:-3  '*'■ 

jiiffWiVaav 

4.1.16  (TO),  4.3.3  (103). 

2.6  (16).  4.3  (96). 

8W.W.WBI: 

5.6  (16). 

M  »*»-•  l  J  (Ml*  3.6  (ST). 

4i»-  i j»)i  4.1  lm< 

s.e  (?). 

Mi; W-  * 

3.5  (36). 

3.6  (37) • 

2.1.1  (2).  2.1.2  (3),  2.1.3  (4). 

liirifel  «>■  » 
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k  COMPKOXIW  OH  CIRRUS*  AMD  CIRRUS  P0WKSA5TXA6 


IcO.  Operations :  lapciy-i^m^.  ,  fc4 

™  r  1  mUls  WSTtt  BOltlJ  i  ICllOtlfJ^  CUriOS 

Until  recent  years  clrrua  clouds  *r#re  y  cauld 

.  _  _ _ ,, ..  Mii  Aa  loner  gf  aateorolog^sts  cou-ia 
lty  and  something  of  a  agratary  as  we  *  «i«ud*  was 

not  reach  the.  for  direct  ob.erretion.,  knowledge  of  elrru.  cloud.  «c 

confined  to  ap.eul.tlv.  Inference-  about  the 

involved.  A  practical  interact  was  exprested  only  In  the 

.ttowpt.  to  correlate  occurrence  of  clrrua  (or  their  Mloee}  "A«*  larer 
ZZ.  weather,  re  -  aid  In  lorel  or  ^.-.tetlcn 
In  World  war  II  cirre*  entire.  InUrfered  with 
and  photo -reconnaissance  from  high  altitudes  [  )  t  3 . 

“ld£t  that  elrru*  would  re  treublreore  to  Jet. 

Blule  operatlona  [a].  »c  horlrenrel  visibility  »tW  “ 

frequently  *o  poor  In  clrrua  that  aircraft  cannot  rendetreu*  or  refue 

there.  Aircraft  end  «u*Wd  -!**««*  «**»« 

renpered  by  elm.  obacurlng  e«n.  •*»,  or  atare.  «*•*-**"*  “’**» 
tlon  wren  no.  l^oreibl.  1.  »M»r 

ailota  flying  at  elrru.  leeala  In  elrcraft  without  navigatlorel-vretrer 

,*rer  or  ground  control  rick  eolli»ion  with  other  aircraft  “ 

late  thundcretor*.  oreeured  by  the  elrru..  At  proving 

tracking  of  rocket,  or  alssllM  fired  rertlcally  (for  wudmm  b»lgb 

ZZZZ iTprerented  by  a  elm,.  Mr  of  MM  - 

0e.  of  day-fighter,  for  hlgh-lewl  Interest  way  ba  greatly 

i?r  sL==r^rs-u «» «®«red  *  «■««» 

d.uL^T^ct^^r™.tretu.  corereg.  red  height,  be  fcre: 
oret.  90M  pore,  difficult!.,  cing  to  th.  lack  of  wma 
of  unirerrel  appUcabllity  red  area  -ore  to  lred.qu.cie.  of  wnretl 
elrru.  obrerretlon.  red  of  uppar-alr  reundlng..  »•  following  recti 
ulll  review  such  .reliable  knouireg.  about  hl|»  eloufn  to  way  «•  of 


*  SilSi^  SS5  S42i2S! 

tee  aora  rretrtoted 

ism  efcrtoatrat®*  and  cLuocwshm*  «» 

which  MON  is  MWt. 


port  to  dMdCBata  dl  ctnrifos* 
Smum  pSK7t*»  ts»  is  wmtiA 

eZmM  {■Sas  m  distinct 

si  is  this  B*p«rt  atli  wfe*  it  ds«r 
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assistance  to  ths  forecaster,  including  results  of  •mm  rscsnt  hereto¬ 
fore  unpublished  AMS  studies .  Information  useful  for  climatological 
estimates  is  also  included. 

2.0.  Mature  of  Cirrus. 

2.1.0.  Classification. 

2.1.1.  flsnera.  the  broad  grouping  of  cirrus  into  three  Otnera 
133]  (67)  *  clraus.  olrrostratut,  and  <£££2£&B»lgs«  ls  of  lon®  »tand- 

ing  (Luke  Howard,  1803).  It  recognir.es  the  aair.  apparent  distinctions 
as  et*n  froa  the  ground.  Whether  a  sharp  distinction  between  cirrus 
proper  (detached  filaments)  and  cirroatrstus  (fibrous  veils)  is  Justi¬ 
fied  on  the  basis  of  physical  constitution-  nods  of  formation,  stc.,  is 
open  to  question.  Socw  descriptions  by  pilots,  for  sxanpls,  would  in¬ 
dicate  that  the  cirrostratua  is  often  coapossd  of  large  numbers  of 
bands  of  the  filaaentous  type  of  cirrus,,  overlapping  in  many  layer® 
or  intertwining  and  extending  through  greet  and  variable  vertical 
distance.  Thus,  the  unifora-stretifors  aspect  of  auch  cirrostratua  nay 
be  illusory,  and  at  least  soae  cirrostratua  must  be  considered  es  a 
cloud  of  very  variable  density  differing  froa  cirrus  only  in  the  closer 
spacing  of  the  filsasnts  or  layers.  Frequently,  the  early  stages  of 
cirrostratua  are  Merely  detached  cirrus  which  gradually  "nils  in"  to 
asks  an  extensive  layer  (see  paragraph  2.2.5).  In  oth#l*  «**••> 
ever,  cirrostratua  evolves  froa  thickening  of  s  widespread  oiswue  veil 

or  haze. 

Cirrocuaulua  la  mo  re  distinct  in  character,  often  probably  a 
water-droplet  or  "nixed  cloud,"  lower  than  aoat  Cl  and  Ca,  and  auch 
like  Ac  in  many  respects,  though  (by  definition  (67))  it  generally 
should  be  connected  with  other  kind®  of  cirrus,  except  in  the  tropics. 
Me  need  not  be  auch  concerned  about  it,  for  it  la  rather  unooaaon  In 

aost  region*. 

difference  between  cirrostratua  and  altostratus  1®  the  cost 
troublesome  one  for  observers*  forecasters,  and  cloud  physicist®  allies. 
It  will  bfcaoae  apparent  upon  studying  the  information  in  ensuing  para¬ 
graphs  (especially  paragraphs  2.1.8,  2.2,  and  A. 1.2)  that  in  truth 
ehsre  exists  in  Mature  every  gradation  froa  cirrostratua  os  a  purely 
ice-crystal  high-level  stratifora  deck  to  the  purely  v^ter-cloud 
stratus  of  lower-nlddls  levels.  In  middle  and  higher  latitudes  what 
is  corrsctly  reported  as  nltcstratua  is  frequently  s  predominantly  ice 
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or  .*»*-dn*.«rd»e.l ***  *•  40 

tho  indtruetluee  to  obdervere  lt>71  l0B),  <MrMl  At 

the  «m  or  noon  end  *****  '  ^  «,  portion  rfth.it 

1.  ««xl*h  or  d.r*.nd  <k>—r  thw  *'  «,„**,  . 

U  only  ragosljr  rCT****t^*?t  ,l«o»U*>».  Krldentl*  tboee  crlt.rU 
ground  *1"*  ***"  »*  “f  ^  l0._crjot»i  and  a  eater  cloud, 

do  not  dldcrlainate  roll  cum*  raport  Ce,  but  aonjr 

tihen  halo  la  peeaent,  the  oboer- :r  omortunltr  to  apply  thi 

true  C.  do  not  .ho.  a  h*o,  nor  *.  •«  . 

criterion  on  noonlodd  nl«l»td  or  g  g{  ma  tituatlo«.a  waber 

As  clouds  do  not  ahem  a  eorwsft.)  ®»®*  trsdttl* 

of  prominent  a.t«rolo*.t.  I*-*-**-- *-c»r, 
*1  oboorvdtloodl  dUtlnatl<M>  botuciiB^  t  ^  „„  tlae  wcognldlng 

cU.torl.tlc.  1671.  »» 

thslr  int«®mdst— «  in  csrtaln  Qgm  ^9M  no 

dlatlactloa  Id  tht  borderline  eaM.  <S~ 

concsntxrts  on  "epUttiffl*  nnin  w 

P"**7?  UtLeo.  the  letert  eUddificaUen  of 

cloud.  edopted^ftS  WO  [671  wco«nl««i  the  follouln.  «  oft«  W 

cmblo  to  cirrus  or  drrostrstuss 

MmJt  . . — —  0«  irrofwlsr  dstschsd  Cl  fils®* 

or  thin  dtrUted  roll,  itommr  JSi2 S£> 

2S3SS&  - 

(include,  noet  clrrue  fdllatraaha.  we  pw 

_  donee  «blte  or  «raj  Cl  or  C.  patch-  or  en- 
-7  b.  flbroua  dt  added 

U.  of  tmmdMdtone  top.,  «- 
puucreph  2.2.9)  (fewer  Cl  3SESS4*  d"4  01  22SSS) 
-.t-wr  -  nebuloud  Od  tell  utthout  f Ibera  or  patched 
("clrrue  ha-">. 


:sf;,u  *^fsfe  «** 
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(&mm>  etretlfomta.  arid  **y  O 

also  occasionally  apply.) 

2*1‘3.  HHy.flftf.  For  the  ainor  "tarletiea,"  (67]  recognises  a$ 
often  applicable  to  cirrus  or  olrrostratust 

rertehrfctue  -  herrlngbme  etructurt  £r.  Ci  or  Ca 

**dlatua  -  parallel  broad  band»,  appearing  to  converge 
towards  the  horlson  (Ci) 


in  tortus  -  very  chaotic  or  twisted  Ci  filaments  (insludes 
twisted  fallst. reaks ) 


duplioatus  —  double-  or  aulti- layered  (Ci  or  Cs) 
m*»uifttos  -  elongated  parallel  bands,  like  waves 

2*1'**  States-of-Sky  Code.  Soot  of  the  above-msntlonsd  "S** '03.ee” 
are  used  in  defining  certain  States  of  The  Sky  reported  In  Internet  loa- 
«1  Synoptic  Code  for  Cg  -  1,  Cj,  «  2,  CH  «  3#  and  *  4.  This  reflects 
s  belief  in  the  synoptic  diagnostic  significance  of  these  Species,  a 
belief  which  rests,  howsver,  on  very  subjective  grounds  (see  paw^mjh 
4.1.1).  (Very  little  fomsl  and  conclusive  Investigation  has  beer,  and® 
of  particular  cirrus  fortes  in  relation  to  cither  synoptic  or  physical  O 
fftetora  -  see  paragraph  2.1.5.)  Since  many  cirrus  species  are  oooMorly 
observed  together  in  the  sane  sky.  it  is  not  likely  that  any  one  Indivi¬ 
dual  fore  could  be  critically  diagnostic  of  the  large-scale  synoptic 
processes  aloft. 

The  K*JO  instructions  for  cloud  observing  (67)  sephasise  the  im¬ 
portance  of  carefully  watching  the  evolution  of  the  elovdaeape,  because 
a  knowledge  of  the  genetic  (sequential)  interrelationships  of  the  eloud 
fores  is  often  necessary  to  correctly  identify  the  species  (end  eves? 
some  genera)  in  accordance  with  the  KUO  definitions.  Many  observer? 
fail  to  do  this  properly.  However,  this  deficiency  Is  generally 
ignored  in  region*  of  asple  upper-air  soundings,  where  forecaster*  are 
seldom  inclined  to  fully  interpret  the  supposed  genetic  meaning  of  all 
the  cloud  distinctions  reported.  There  is  need  for  the  development  of 
special  high-level  "State  of  Sky"  specifications  which  would  be  based 
on  a  study  of  time-l*ps®  photos  or  motior-pictuie  observations  and 
aircraft  operational  criteria  rather  than  on  the  totality  of  visual 
aspects,  many  of  which  are  probably  of  no  practical  significance.  Mf- 
ferent  combinations  of  oertain  cirrus  varieties  might  be  found  thus  to 
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htv#  a  imM  eocnUtioo  with  ijnopUc  wtf  poronete*e. 

laplrlcml  jeodels  of  the  •volution  of  the  state  of  sfey  In  typical 
dlfturtn.no*>  nay  also  be  useful  sa  *a  **&  *»  Bxmlyls  or  foreceetlng 
(*##  pcn^  3,5  and  4.1.1)  111}.  *»  Uttlo  incentive  for 

their  davelopnent  except  in  reglone  looking  sufficient  synoptic  ground 
and  ugpox**alr  reports. 

2.1.5.  Kcplaimtlon  of  gQ«*.  aobwerdtfeger,  Veieknean,  end 
T^it»  have  pointed  to  com  widen©#  of  relatione  between  the  ferae  of 
cirrus,  their  alcrophyeice  («M  pM*®*pt  ®*2)»  ^  wyftoptXe  picfltiwl 
{•••  paragraph  4.1).  Such  knowledge  eight  b*  useful  in  single-station 

forecasting  without  soundings  [11]  • 

2.1.6.  Surface  r»  mot  Ob— mtUong.  Observation*  of  cirrus 
fro*  the  ground  u«  subject  to  serious  llsit&tlocks.  Shis  Is 

pgl—rlly  btouue  of  obieuntiM  by  lower  olcmde,  fog  or  ***•>  *8d  •* 
night  when  thin  cirrus  *17  bo  entirely  overlooked.  However,  even  under 
the  beet  observing  eoMitiooe  the  appears**© e  of  cirrus  fsrow  the  ground 
nsy  give  little  indication  of  Its  character  as  seen  by  a  pilot  nearer 
to  or  in  the  cloud  [46]  [36]  [23h  Kretuwtly  as  the  pilot  cllaft* 
UO0er  "altar  sky"  the  aaount  of  viaible  cirrus  aeewe  to  increase 
markedly*  especially  set  ho  la  on  top  ef  the  low-level  hast  layer, 
fhe  vertical  visibility  la  cirrus  la  often  quite  good  (ground  visible) 
et  the  ease  tine  that  horlsental  visibility  la  less  than  a  «Ue.  *0 
the  pilot  flying  In  cirrus  it  appear*  aa  a  whitish  hast.  It  nay  even 
be  difficult  for  hie  to  tell  whether  he  ie  la  cirrus  or  not,  especially 
in  the  besee  of  the  patches  end  mcacata  which,  though  sppearlng 
distinct  free  the  gram*,  are  actually  very  ill-defined  where  may  thin 
out  downward.  On  the  ©therhsnd,  eonetlaee  the  pilot  oan  cm  no  evidence 
of  cloud  when  he  ie  Hying  In  what  appears  ffea  the  ground  as  thin 
cirrus.  Oftt%  patches  or  bands  seen  aa  isolated  trm  the  ground  axe 
mrml 9  m>  leaser  poi  Uona  ef  a  widespread  eheei  of  cirrostratus 
(nr.  2.L1) ,  like  tops,  which  are  usually  denser  than  the 
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is  nose  prcncunoad  than  surmised  fno  ground  observations,  mot©  suite 
that  the  cirrus  le  often  asny-layared  -  auf*.  Keep#  {37]  end  Weletoaun 
C65]  found  the  most  frequent  thickness  of  individual  layer*  (thin  valla) 
waa  lee®  than  900  or  300  a,  f  though  a  secondary  maximum  occurs  around 
SOOO»3COOa).  Project  Cloud  Trail  data  aha*  a  predominant  thickness  of 
around  500-2000  feet  (aee  Appendix  and  paragraph  3.2).  This  layering 
becomes  very  sharp  in  mountain-wave  situations  1 65].  Cirrus  stratifi¬ 
cation  Ut  readily  understood  in  light  of  the  fine-structure  In  tit* 
vertical  humidity  distributions  revealed  by  sensitive  itygrometer  sound¬ 
ing*  (6)  (12)  £17]  £45)  (Me  paragraph  4a.l5).  fisa  uadcr-regions 
of  clmu  anvils  of  0b  show  little  or  no  stratification.,  for  hen*  dense 
falls  tretlcs  descending  great  vertical  distances  prevail  (65]. 

2.  L.8.  Halation  with  Middle  Clouds.  The  existence  of  all  grada¬ 
tions  be tweets  clrroetntue  and  altoetratua  (paragraphs  2,1.1,  2.2.t, 
1.1.2)  does  n?t  necessarily  mean  that  altoatratus  genarally  evolves 
from  clri’oatratu*,  though  this  apparently  osn  happen,  possibly  frequent¬ 
ly.  (Likewise ,  it  le  *Ud  that  Ca  may  sometimes  font  from  of 

As  (67]*]  The  relationship  la  more  likely*  or  more  often  a  spatial  than 
a  time- sequent 'ml  one,  the  As  evolving  from  Ae  (§0)  simultaneously  as 
associated  Ca  la  evolving  from  Cl  or  Co  (sea  paragraph  2.1.1).  Alto* 
stratus  can,  of  oourae,  exist  without  any  Ca  being  associated  in  the 
sane  clou!  eystme,  and  vice  versa  (aa  in  high-level  troughs  or  loua). 

Zn  moat  wura-front  situations  the  fine  olmts  is  largely  detached  from 
the  middle  clouds  (aee  paragraph  4.1.2).  Those  cirrus  or  eirroatntui 
layers  whlah  extend  down  la  to  and  marge  with  middle-cloud  deeica  are  apt 
to  be  the  densest  and  thickest  type  of  oirrua  £45).  Radar  shews  this 
it  probably  not  a  fkw'uratt  situation  (50),  in  middle  latitude*  at 
leaati  in  tbs  Rrltish  MRP  data  it  was  noted  in  about  10$  of  tea  cirrus 
cases  £45). 


w 


or  streaks  and  regular  oroaa-bandlnga  art  frequently  seem,  rrqieellig 
a  large-scale  organisation  or  system  which  must  be  related  somehow  te 
the  procesaea  of  formation  (eee  paragraph  2.2)  and  to  the  winks  (aee 
paragraph  3,5).  It  la  claimed  (26]  £56]  that  the  long  bends  neve 
parallel  to  the  wind,  at  least  when  the  winds  are  strong  (53).  Cross- 
banded  pattern*  suggest  effects  of  shear  and  instability,  and  .parallel 
band*  say  indicate  wave  ration  (11).  Very  likely  even  the  more  chaotic 
and  irregular-appearing  cirrus  would  be  seen  to  have  a  gro  4  organisation 
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appears  that  spontaneous  crystallization  or  freezing  of  water  takas 
place  without  any  nuclei  (so-called  homogeneous  nucleatlon),  leading  to 
many  extremely  fine  crystals  that  are  hardly  visible  to  the  cys. 

(Cf.  however,  paragraph  2.7.) 

2.2.2.  Observed  Cloud  Constitution  (Phases ) .  Xt  Is  observed  in 
the  free  atmosphere  (15)  (65)  that  in  the  region  fro.  0*  to  -40#C, 
water  clouds,  or  nixed  clouds  of  water  and  ice  in  various  proportions, 
are  the  rule,  in  agreement  with  theory  and  experiment.  It  often 
happens,  however,  that  clouds  in  the  celder  part  of  this  range  (-12* 
to  ~4o*C)  are  actually  antiraly  of  ice  C25).  Shis  eoata  about  either 
by  ice  crystal*  descending  as  cirrus  failstreaks  from  higher  levels 
(thes.f  are  cloud*  occurring  at  -30°  to  -4o*C),  or  by  the  conversion  of 
all  the  original  water  drop*  in  a  middle-level  cloud  (one*  occurring  at 
-12*  to  -4o"C)  to  snow  or  graupel  failstreaks  through  sublimation  (50) 
(sae  paragraph  2.2.10).  The  latter  process  proceeds  actively  in  the 
temperature  range  where  there  is  a  marked  difference  between  vapor 
pressure  over  ice  and  over  water;  the  water  evaporates  from  the  drops 
and  sublimes  on  the  crystals.  Observations  from  aircraft  and  indirect 
indications  have  abundantly  verified  as  a  fact  that  below  -40*  clouds 
are  almost  purely  crystalline,  though  a  few  scattered  and  very  small 
water  drops  are  probably  often  present  (see  paragraph  2.5).  Weiekmann 
£65)  observed  occasional  very  thin  "cirrus"  bases  of  water  drop*  at 
-35*  tc  -*Q*C  (*••  paragraph  2.2.4). 

2.2.3.  iisam  fao1- fwl- I,wl- f411-  no.  [6si,  raw. 

Jjjl],  Questions  as  to  nature  and  abundance  of  the  upper-atmospheric 
nuclei  are  difficult  to  answer  at  present.  It  may  be  said  that  soma 
nuclei  serve  only  for  water-drop  condensation,  soma  only  for  ice  xrnclea- 
tion,  and  some  for  both.  The  "freezing  nuclei"  are  thought  to  be  dusts 
and  salts.  A  nucleus  is  an  agglomerate  of  particles  of  one  or  various 
substances  including  one  or  s  limited  number  of  very  minute  particles 
with  ice-forming  properties.  These  particles  are  insoluble  though  the 
agglomerate  as  a  whole  may  be  mostly  soluble,  or  at  least  we  table. 

Ions  and  contaminants  in  the  solute*  may  also  play  a  modifying  role. 

(See  paragraphs  2.2.1,  2.2.4,  and  2.2.5). 

2.2.4.  Saturation  Reouireiaenti .  An  important  consequent*  of  the 
behavior  of  the  freezing  nuclei  is  that,  for  a  almas  cloud  to  tem  as 
such  (I.c.,  to  form  in  the  range  below  -35*  or  -40*C), 

p roamed  to.  or  nearly  to,  the  saturation  tegBergtjjre  with 
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This  represents  a  large  super-saturation  with  respect 


tion  needed  for  cirrus  formation  varies  with  the  rate  of  cooling  and 
with  the  kind  and  abwndsnee  of  freezing  nuclei  present;  unfortunately, 
we  have  little  knowledge  about  thi«  aspect,  one  which  nay  prove  to  be 
very  significant  In  determining  the*  occurrence  of  elms  a$d  its  dif¬ 
ferent  fores.  She  Sms  observations  made  of  freezing  nuclei  at  high 
levels  suggest  that  they  aay  be  much  lese  abundant  there  than  in  sur¬ 
face  air  [493  (653  and  subject  to  narked  variations  in  kind  and  effec¬ 
tiveness,  though  perhaps  not  as  great  as  the  variations  at  aea  level 
where  the  sources  are  more  diver? e  and  localized.  Welchmen®  could  find 
many  droplets  but  few  crystals  In  sene  thin  ‘'cirrus  hazes*  (temperatures 
around  -35*  to  -40*C).  He  explain*  these  hazes  as  forming  where  there 
are  insufficient  freezing  nuclei*  so  that  water  condensation  on  soluble 
nuclei  predominates  (analogous  to  fbmulu*  (63l  In  lower  levels?). 

S2T.2.5,  Sneed  of  Pooling.  FCr  determining  the  type  of  cirrus 
clouds  foraed,  the  speed  of  adiabatic  expansion  la  rising  air  may  have 
an  important  role.  Various  laboratory  experiments  shoe  that  [40]  t  "With 
>iM 'wail i  mel  1  rates  of  expansion  of  daap  air,  small  mwhers  of  loe 
crystals  may  arise  on  specially  favorable  nuclei  at  immdditles  substan¬ 
tially  below  that  representing  saturation  with  respect  to  mater.  With 
moderate  and  vigorous  rates  of  expansion,  the  first  visible  product  is 
always  a  water  cloud  or  a  sdxsS  cloud,  depending  on  the  temperature. 11 
Test  (slow)  cooling  leads  to  a  large  (small)  number  of  small  (large) 

crystals. 

Cirrus  which  forme  in  gentle,  upglldfing  current?  (vertical  notions 
of  1-5  cm/ttt)  should  correspond  to  the  case  of  slow  adiabatic  expan¬ 
sion  -  Sehwerdtfeger's  "elrrosfanatua. *  (tfelctoaean  [65}  seems  to  Imply 
that  over  Germany  this  Is  not  u  very  coomon  typo;  Scfementtfeger  (517) 
notes  that  It  Is  less  persistent  there  chan  other  kinds  of  cirrus  too.) 

Cirrus  formed  In  more— rap!41y~rlsimg  sir  presumably  corresponds  Ik* 
anvil  cirrus  and  to  what  Schwerdtfeger  called  "pure  cirrus*  «r  "convec¬ 
tive  cirrus*  (rapid  convection  m  nhallow  layers  due  to  adveetlce  of 
colder  air  at  top  of  a  shear  layer);  this  process  should  account  for 
much  or  most  non-anvil  dense  ela&us  (splsaatus),  cirrus  uneifius,  cirrus 
flhrattts,  and  olrxocusulus.  It  is  probably  analogous  to  Klnachi**  (38) 
idea  that  §11  cirrus  aver  Japan  forms  in  the  steep- lapse-rate  transition 
cone  between  air  musts,  one  over-naming  the  other;  but  he  analysed 
only  a  tmt  cases.  Ludlaa's  "shred  clouds"  (paragraph  8.2.9)  snst  elec 
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„v*r  «.t.m  *urop.  (««  J*W^h  *  ^Mful,  ho«v«r.  that 

th*  fin.  and  «•«*  «H*u»  tn»  .  „**,*,  Swtfe  *nwle». 

til  fin.  olrru.  «*»  b*  ««Pl«ln«»  thtt  »W»  u  ^n, 

for  u«pl«>  th.  .Ubaldiiic.  in  norths*  p  *  no  rw»on 

,o  »tron*  »  to  inWt.it  .loud  fon-tion.  *££«*£  th.  ^Id.  Wtun- 
to  boll...  that  fin.  eirra.  >*  not  Woo  P»*»*«  “  7f6) 

tion.  t-«"B  to  elJTontwtu*  <•«  2-1”  *“1  a  l,6)' _ 

tlon*  ■a,»dr5jM  of  fine-cirrus  itr****7*- 

cirro.tr.tu.  w«"  *°  rooult  from  '  00.IlMt«no«  of  eimt. 

Sohw.rdtf.**r  [57]  found  in  Euwp.  that  *h.  ^ 

.  fcmtu2  a  ooMon  situation,  which  he  explained  M 

^  ^  in.fblUt,  WtWn  th.  *•£»■ 

r  :r n- rs^rssr ~  -=^ 

tivo  cirrus  «*»  *2n  siwowasiitts* 

ery.t.1  •»  ^  nlMl  [fibrntu.]  «*  cirru.  nothu. 

[aplaantua]  »  find  ..inly  hollo,  in  «ir«- 

jolrwd  into  twin,  or  into  cluotor.  of  «ny  onr«tul..  **«“ 
atratu.  .  .  ."««  hav.  Individual  *!*P**  tdtioh  *»  “»* 

for-tlon.  [»»  tuft.]  .  .  ’•  •  •  *  ‘^“ToTl^^ 

.WPW  cry. tali  and  v.ry  Ip.. 

crystals «  we  not#  [In  cirr&afcs^tus3  •  -  •  siasaos  fro*  plats# 

*  iftrzs  number  of  different  crystal  types,  all  snaps 

*  #  !!?!  -  Crystals  of  this  eirrestrstus  cloud-typ* 

to  every  type  of  pris*  .  .  .  crys«ft*  H  w  -convective 

grow  with  less  ice-superssturstion  than  those  in 

eirru.,"  MMM«  *  •*•“»  •l0"  llftlnd  proooM.  “  - 

_ _ d.  ow*  on  which  wster-vtpor  t©fso«»«s 


Hard*  1937 

2.2.8.  Pwrelatonoe  : 
er  to  realise  that  lea  clowiie  a©  net  have 
water  oloula,  which  respond  instantly  to  i 
tion  ana  evaporation,  fhe  lea  clow*  ■V  1 
hens*  (even  days?)  (67)  after  being  few* 
evaporate  but  slowly  whan  in  aflflT  lTT~1H 


fe®er  (57)  found  the  day-to-day  apparent  or  statistical 
cirrus  observations  was  around  6o~83^j  «**e  «5.»°  paragsas 
lee  crystals,  falling  at  only  a  few  os  per  See  (fo*  lw 
to  iVaee).  usually  find  below  their  initial  level  a  cot 
(I00f®  of  seters  or  sore)  aaturatad  with  respect  to  lee 
graph  t.1.16). 

2.2.9.  tailatrealcs  yirad^Cloute.  Weather  obi 
often  eonfeswd  by  seeing  isolated  streaks  and  trails  of 
tux*  ilka  elms  M  falling  froa  slddle  level  < 

(11)*  Iheae  lower  so-called  failetreaks"  (Qersaa: 
strictly  speaking  virsa  consisting  of  snow,  gmpel  (2® 
or  rain  particles  (50).  father  than  cleasntarp  ice  cry»i 
alma  type,  (see  paragraph  a.2.6. )  They  fail  ft«  «w 
nixed  aster  said  ids  clouds,  usually  ic,  and  any  coalesce 
The  individual  parent  clouds  often  ooapleteiy  evaporate 
streaks  hr*  dsacending  free  thee,  their  water  content  t* 
tircly  converted  to  snow  or  rein.  Me  leaves  the  fall* 
lag"  Independently  and  requires  the  observer  to  report  1 
of  the  flbretas  or  uneliaia  specied. 


appears  to  feta  as  fiallstrealc*  fron  snail  tufts  of  dense  ei$?su»  or 

frost  cxrmcuwuli,  which  disappear  in  the  course  of  ^  ******  <*** 
ths  pm  met?**,  Wegener  then  postulated  (as  w»11«p  tW  had  already 

done  In  1881)  that  probably  all  elm*  stwaners,  bands,  and 
stratus  sheets  pops  1»  this  wsy  as  fgllstrssks  fron  patches  ■&€  dsnae-" 
circus  cr  Co  parent  clouds  (62).  fhia  vie*  «»  *#»*•*  *****1*9  accepts 
but  has  been  re-exs^ned  recently  by  Issdlas  in  ll#&t  of  w*4mm 
physics  research  (we  paragraph  »*3>*  At  first  Indian  coneluWd  ths 
ths  initial  stages  of  olnui  formation  art  probably  always  granulated 

HI  few  UK*  Co,  Mthw  thin  rtbrou.1  fw»  M  h.  «>• 

faiiatmiss  (to  (1)1.  However,  sore  recent- 
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the  cirrus  fallstreak  being  the  initial  cloud,  which  then  produces  in 
updraft  (fret  release  of  latent  heat  of  sublimation  as  the  erystals 
grow  while  falling  through  the  ice- saturated  air),  (Flndelaen  [72]  had 
made  the  sane  observation  year*  ago  but  it  hod  been  ignored.)  At  top 
of  the  updraft  a  dense  patch  or  "shred-cloud"  (Cl  spissatus?)  often 
develops.  The  shred  cloud  is  convective  in  nature*  probably  composed* 
at  first  at  least,  of  both  water  and  loe  (oorona  irldeaenoe  seen).  It 
may  in  turn  dissipate  into  a  trail  of  let  which  regenerates  the  origi¬ 
nal  fall  streak,  -  a  process  possibly  accounting  for  much  of  the  long 
apparent  persistence  of  cirrus.  According  to  Ludlam,  the  difference 
between  the  cirrus  fallstreaks  and  those  of  middle  levels  Is  that  the 
former  develop  spontaneously  without  a  mother  cloud*  whereas  the  lower 
falls treake  precipitate  from  water-droplet  clouts  (Ac*  etc.)  [50]  — 
temperature  being  the  critical  factor  in  this  distinction  (see  para¬ 
graph  2.2.2).  Ludlam  does  not  report  any  exceptions  to  his  cirrus  fall- 
streak-shred-cloud  theory*  but  its  universality  and  typicality  cannot  be 
accepted  until  it  is  checked  by  extensive  observations  in  many  regions. 
Moreover*  it  leaves  the  origin  of  falls treaks  still  unexplained. 

ludlam  [to]  has  also  offered  an  explanation  for  the  chaps  of  olrrus- 
uncinus  fallstreakc*  in  terms  of  the  wind  shear  and  falling  speed  of 
the  ice  particles.  The  upper  part  of  the  streak  is  generally  almost 
vertical,  whereas  fcho  lower  end  becomes  almost  horizontal;  this  being 
due  to  the  decrease  in  wind  speed  downward  and  the  decrease  in  falling 
speed  of  the  partiolee  as  they  evaporate  in  descending  into  drier  air 
(Figure  la).  Changer  in  wind*  or  growth  of  the  orystels  in  ice- 
supereuturated  layers,  may  explain  secondary  bonds  often  observed  In 
the  trails  (Figure  lb) .  Filaments  appear  to  taper  downward  because  the 
outer  crystals  evaporate  first. 

h  suggestion  of  a  mammatus  structure  in  the  lower  ends  of  cirrus 
fallstreaks  is  often  noted,  due  to  the  chilling  of  the  air  in  which  the 
crystals  evaporate  [40]  [Si],  (Similar  mammatu*  forme  are  sometimes 
observed  in  contrails.) 

A  question  of  interest  to  the  forecaster  is  why  so  much  cirrus 
formation  is  only  in  scattered  fallstreaks  and  patches  if  the  ascent 
of  the  air  is  as  uniform  and  slow  as  we  generally  assume  it  to  be  at 
high  levels?  With  the  aid  of  Ludlam* a  ideas*  this  could  be  explained 
as  follows:  around  -*0*C  fallstreaks  are  the  typloal  initial  fo»s  of 
cirrus;  they  form  on  special  rare  ice  nuclei  at  temperatures  near  or 
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favorable  nuclei,  locally  greater  ascent  of  air,  and  higher  humidity 
happen  to  coincide.  At  temperature#  much  lower  than  -JK)*C  the  fail- 
streak  and  shred  cloud  are  not  the  typical  cirrus  forms  (—  nebulous 
veils  more  characteristic?). 

Shred-clouds  of  the  type  discussed  by  Ludlam  [40]  are  euaulifom 
on  top,  wedge- shaped,  and  without  clear  separation  free  the  parent  fail- 
streak  below.  The  speed  of  ascent  In  the  updrafts  from  cirrus  fall- 
streaks  Is  often  great  enough  to  reach  water  saturation  quickly,  causing 
a  predominance  of  water  drops;  if  the  temperature  la  below  -tO*C,  of 
course  the  drops  immediately  freeze. 

Most  observers  will  be  inclined  to  doubt  that  all  or  even  the 
■ajorlty  of  the  small  patches  of  dense  cirrus  seen  are  originated  from 
fall  streaks  in  the  way  described  by  Ludlam  —  Indeed,  Ludiaa  does  not 
claim  so. 

2.2.10.  Optical  Phenomena.  Solar  and  lunar  haloes  are  character¬ 
istic  of  cirrus  clouds  and  not  of  any  other  clouds.  However,  only  a 
relatively  small  proportion  of  cirrus  produces  haloes.  Freshly- formed 
prismatic  crystals  in  not -too- thick  cirroetretu*  veils  account  for  most 
of  the  haloes.  On  the  other  hand,  certain  elementary  crystal*  form  to 
not  seem  to  make  haloes  [65].  The  usual  halo  In  Cs  is  the  22*  circle 
with  tangent  arcs  and  parhelia  of  22*.  Pillars  are  typical  is  the  ice 
mists  and  cirrus  hazes  of  polar  regions  (paragraph  3*6). 

Optical  theory  predicts  varying  forms  of  haloes  depending  on  the 
crystal  type  and  perfection,  the  concentration  of  the  crystal*  (cloud 
density),  the  height  of  the  light  source  above  horizon,  etc.  A  great 
variety  of  haloes  is  possible,  but  actually  only  several  types  see 
common;  many  are  very  rare,  and  some  predicted  ones  never  yet  observed. 
From  theory,  the  halo  type  can  be  used  to  infer  something  about  the 
cloud  constitution,  the  processes  that  produced  It,  its  age,  etc.  [40] 
[6lJ  [65].  However,  at  present  It  does  not  seen  practicable  for  the 
forecaster  to  derive  any  very  significant  aid  in  this  way. 

The  presence  of  a  corona  la  proof  of  a  predominantly  water  droplet 
cloud.  Corona  is  reported  sometimes  In  cirrocumulus  and  f allstreaks 
(see  paragraph  2.2.9).  The  corona-vs-halo  criterion  often  distinguishes 
for  the  weather  observer  what  la  altostratus  and  what  is  clrrostratus 
[67],  but  even  more  often  the  crystal  types  [65]  or  cloud  thickness  are 
not  conducive  to  these  optical  pnonanena. 

Even  thin  cirrus  markedly  reduces  the  transmission  of  solar  rsdla- 
tlon  [30L  though  clrrostratus  Is  not  supposed  (by  definition)  to 
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of  water,  and  Icing  is  more  frequently  noted  in  them,  especially  in 
anvils.  However,  a  B-4?  at  36,000  feet  and  -51*C  over  Alabama  in  March 
1953  reported  %  inch  accretion,  apparently  from  an  anvil  J?0j. 

2.6.  Visibility  in  Cirrus.  Visibilities  in  extensive  cirrus  are 
often  over  a  mile  and  rarely  less  than  300  feet,  the  average  being 
probably  about  a  mile.  But  sometimes  the  cloud  is  so  thin  that  the  pilot 
is  unaware  he  is  in  it  (see  paragraph  2.1.6).  Vertical  visibility  la  apt 
to  be  much  better  than  horizontal.  For  lack  of  a  background  for  depth 
perception,  it  is  very  difficult  for  the  pilot  in  cirrus  to  accurately 
judge  the  horizontal  visual  range,  whether  it  is  small  or  great.  From  40 
RCAF  aircraft  observations  over  Canada  [12],  Clcdman  obtained  the  follow¬ 
ing  percentage  frequencies  of  visibilities  in  cirrus:  <  1  mile  70$,  <  )£ 
mile  60$,  <  X  mile  30$.  The  last  two  percents  seem  rather  too  high, 
however.  Clodman  suggests  that  these  probabilities  can  be  multiplied 
to  the  probabilities  of  cirrus  occurrence  to  obtain  estimated  probabil¬ 
ities  of  encountering  given  visibilities  in  flight  at  cirrus  levels. 

Captain  M.  W.  Burton  of  AWS  devised  a  rule  of  thumb  for  forecast¬ 
ing  or  estimating  the  vlslblllt;  of  one  aircraft  from  another  in  thin 
cirrus  or  other  high  cloud  (temperature  below  -30*C):  V  ■  X  miles  x 
dewpoint  depression  in  degrees  C.  As  an  example:  T  -  -35*C,  Td  -  -38*C, 
visibility  -  X  x  3  ■  IX  miles.  Burton's  Rule  has  been  used  with  good 
success  in  the  Arctic  where  poor  visibilities  in  apparently  cloud- free 
air  are  often  encountered.  Its  applicability  elsewhere  remains  to  be 
tested. 

2.7.  Electrical  Effects.  There  are  a  few  reports  of  visible  corona 
("St.  Elmo's  Pire")  on  aircraft  flying  in  cirrus  at  altitudes  of 
30,000-40,000  feet.  This  may  be  expected  since  it  is  well-known  that 
ice  particles  hitting  a  fast  moving  aircraft  can  build  up  a  charge  with 
resultant  corona.  The  charging  rate  increases  as  the  cube  of  the  air 
speed.  That  visible  corona  dees  not  result  more  often  on  jet  aircraft 
in  cirrus  is  probably  owing  to  the  relatively  low  concentration  of  ice 
crystals,  their  small  size,  and  the  fact  that  at  low  barometric  pres¬ 
sures  the  charge  bleeds  off  the  aircraft  more  readily  so  that  very 
intense  electric  fields  from  frictional  charging  alone  are  not  reached. 

On  the  other  hand  the  "precipitation  static"  in  aircraft  radios  while 
flying  in  cirrus  often  blanks  out  ordinary  HP  radio  coaeamication  in 
spite  of  anti-static  devices.  Cn  VHP  and  UHF  the  Interference  is  not 
so  serious.  A  case  of  lightning  striking  a  jet  aircraft  in  an  anvil  at 
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39,000  feat  has  been  reported  1 76] . 

2.8.  Macrgfoua  Clouds.  These  luminous,  beautifully  iridescent 
( "nother-of-pearl H )  clouds,  something  like  lenticular  cirroatratua  in 
form,  *re  occasionally  seen  in  winter  in  high  latitudes  before  sunrise 
or  after  sunset  when  they  are  illuminated  by  the  sun  but  the  ground  is 
in  the  earth's  shadow.  They  occur  between  21  and  30  lea,  and  are  not  to 
be  confused  with  the  similar  appearing  noctilucent  clouds  at  82  da,  nor 


with  true  cirrus. 

Nacreous  clouds  are  thought  to  be  composed  of  water  droplets  of  1 
to  3  microns  diameter,  which  would  explain  the  rapid  dissolving  and  re¬ 
formation  of  the  clouds  and  their  brilliant  diffraction  colors  [65). 
According  to  theoretical  considerations  [76]  such  condensation  could 
occur  under  nuclel-free  ozone-rich  water  saturation  conditions  at  tem¬ 
peratures  near  -70#C  when  the  air  is  cooled  slightly  by  lifting  or  by 
radiation.  The  clouds  usually  form  over  the  high  mountain  regions  of 
Alaska  and  Scandinavia  on  the  east  side  of  a  tropospheric  ridge  of  high 
pressvre  (northwesterly  wind  in  the  stratosphere?). 


3.0.  Occurrence  and  Climatology  of  Cirrus. 

3.1.0.  Heights.  There  are  a  number  of  special  series  of  observations 

of  the  heights  of  cirrus  made  by  theodolite  or  from  pilot  reports. 

These  methods  of  measurement,  though  much  more  accurate  than  ground 
observers,  are  not  without  some  limitations.  The  theodolites  can  only 
fix  on  the  cloud  bases  having  "hard"  and  well-defined  outlines;  some¬ 
times  it  is  not  easy  to  Judge  what  is  the  "base."  Aircraft  can  report 
the  height  of  penetration  of  a  definitely-visible  cloud  base  to  the 
accuracy  of  the  altimeter.  But  ill-defined  hazy  cirrus  bases  are  like¬ 
ly  to  be  missed,  especially  at  night.  Moreover,  aircraft  observers 
have  the  same  difficulty  in  Judging  height  of  clouds  above  or  below  the 
aircraft  as  does  a  ground  observer,  aircraft  observers'  determina¬ 

tions  of  the  cloud  type  are  often  questionable,  partly  because  of  lack 
of  proper  instruction  and  partly  because  of  inherent  difficulties  in 
judging  from  an  aircraft.  For  this  reason  it  is  preferable  to  refer  to 
the  aircraft  data  above  25,000  feet  as  simply  "high  cloud;"  the  distinc¬ 
tions  between  HCi,"  "Cs,"  and  "As”  are  not  generally  reliably  made  in 
the  regions  where  either  could  occur.  Though  limited  in  coverage,  data 
from  these  sources  provide  the  only  representative  samples  of  the 
height  distribution  which  are  available. 
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3.1.1.  Intemational-Cloud-Year  Data.  During  the  International 
Clo’  Year  of  1696-7,  double- theodolite  measures  of  clouds  were  made 
dally  at  various  observatories.  The  sttaa  heights  fox*  cirrus  and  cirro- 
stratus  are  summarised  in  the  following  table  1 63]: 


TABLE  I 

Mean  Heights  of  Cirrus  Bases  for  International  Cloud  Year  1896-7. 


Latitude 

’ 

Places 

Northern 

Summer 

(km) 

Northern 

Summer 

(km) 

78.50*N 

Cape  Thordsen 

7.32 

.... 

70  *N 

Bossekop  (Sweden) 

7-E 

.... 

60  *N 

Pavlovsk  plus  Uppsala 

7.86 

7.07 

50.75‘N 

(Average  of) 

Potsdam  plus  Trapps a 

8.70 

7.68 

40.5*N 

(Average  of) 

Blue  Hill  plus  Washington 

10.15 

9.14 

35  *N 

Hera,  (Japan) 

11.02 

9.13 

14.5*N 

Manila 

12.05 

11.14 

7*3 

Batavia 

11.04 

•*«»«*«* 

35.5*S 

Melbourne 

8.5 

9.6 

The  ra«-rinnim  heights  observed  in  these  series  were: 

TABLE  II 

Maximum  Heights  of  Cirrus  Bases  for  International  Cloud  Year  1896-7. 


Latitude 

Places 

Northern 

Summer 

(km) 

Northern 

Summer 

(km) 

78.5*N 

Cape  Thordnen 

8.59 

.... 

70  *N 

Bossekop  (Sweden) 

11.19 

10.39 

60  *N 

Pavlovsk  plus  Uppsala 

11.69 

10.12 

50.7o*N 

(Average  of) 

Potsdam  plus  Trappes 

12.68 

11.91 

40,5*N 

(Average  of) 

Blue  Hill  plus  Washington 

15.01 

13.60 

35*N 

Mera  (Japan) 

16.79 

15.48 

14.5*N 

Manila 

20.45 

J7.14 

7*S 

Batavia 

18.60 

14.21 

37.5  s 

Melbourne 

(  mm  . . . . . 
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Heights  of  cirrus  bases  estiwated  from  pilot-balloon  ascents 
(generally  about  1  Job  below  ptetograretrtcally-detemlned  heights) 
averaged  for  several  stations  in  India  £63]  £75]: 


Latitude; 

Elevation 


Potsdam  Fhotograawetty .  Photogrametrlc  observations  made 
at  Potsdaa  during  1900193)  £62]  £63]  suggest  that  cirrus  heights  tend 

to  cluster  at  three  or  four  levels,  according  to  fora: 

very  delicate  veils  11  km 

typical  detached  cl  8.67  km 

cirrostratus  8.54  lea 

cirrrcuBulus  6.37  k* 

Analogous  statistical  height-groupings  (without  regard  to  fora  of  cloud) 
are  apparent  In  the  data  from  all  the  stations  of  Table  I  £63].  Thera 
Is  sons  question  whether  this  Is  a  real  or  a  phenomenon. 

3. 1.2.1.  SQrlng  £63]  found  that  at  Fotsdaw  the  wean  slope  of  the 
$£££.  9?  <s3sS*y»  ^Sjg  the  direction  away  from  centers  of  depressions 
is  about  6*  (18*  wax),  and  for  clrroeurailus  (also  Ac)  only  3}£;  hut  in 
sooe  eases  the  slope  was  in  the  opposite  direction. 

3.12.2.  He  found  no  evidence  of  a  diurnal  variation  in  ht  jgfrit 
of  a  theraal  nature.  However,  the  cirrus  bases  of  s  given  systeri  tended 
to  lower  with  tlae  st  a  rat#  of  about  2008/12  hours  £63] . 

3*^*3*  KHF  Patf .  Fran  the  observations  of  the  British 

Meteorological  Research  Flights  frow  South  Famborougb  during  1949-52, 
Murgatrayd  and  Ooldswlth  £46]  preparad  data  on  height  of  cirrus  bases 
and  tops,  (taly  cases  where  the  observer  was  certain  the  pi****  ms  in 
cirrus  era  Included;  at  the  bases  there  was  often  a  "region  of  doubt" 
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Figure  2.  Frequency  Distribution  of  Heights 
of  Cirrus  Bases  Observed  on  British  MR 
Plights  from  South  Farr.bo rough*  19*9-52  [*5l . 

which  sometimes  extended  through  several  thousand  feet.)  Figure  2 
shows  the  frequency  distribution  of  the  base  heights.  The  tops  were 
most  frequently  less  than  2,000  feet  below  the  tropopause,  though  30$ 
of  the  cases  were  in  the  xange  3* 000  to  11,000  feet  below.  About  7.5$ 
of  cases  had  tops  in  the  stratosphere  and  several  cases  even  with  bases 
in  the  stratosphere  (*5,000-46,500  feet)  were  noted.  (See  paragraph 
4.1.11  for  discussion  of  cirrus  and  tropopause.)  James  [36]  in  summar¬ 
izing  the  1950-54  MR  Pliglfits  found  similar  results  (Figure  3 5,  though 
the  tops  tended  to  range  a  somewhat  greater  distance  below  the  tropo¬ 
pause  than  on  the  19*9-52  flights.  Again  the  base  was  above  the  tropo¬ 
pause  in  a  few  oases.  Whether  the  peaks  in  the  frequency  of  bases  at 
20,000,  25,000,  and  30,000  feet  are  real  or  caused  by  observer  preference 


Figure  3-  Frequency  Distribution  or  Heights  of  Cirrus  Bssss 
fro*  British  NR  Flights,  1932*3%  (36]. 


for  estimates  to  nearest  5*000  feet  cannot  be  said. 

3.1.4.  Project  Wlb&clc  Data.  On  Project  Vibaek  during  the  winter 
and  spring  of  1931*  B-47  flights  over  central  and  western  United  States 
recorded  cirrus  heights  [22]  [23].  She  data  on  heights  of  the  tops 

are  shown  and  discussed  in  connection  with  the  tropopsuse  in  paragraph 
4.1.12,  The  data  on  heights  of  the  bases  of  the  lowest  cirrus  layers 
observed  In  each  case  are  plotted  against  latitude  in  Figure  4.  there 
is  s  tendency  for  the  sun  height  to  increase  fro*  48®H  to  30*1  though 
the  lowest  values  wars  around  20,000  feet  over  this  whole  range  of 
latitude. 
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„  b  Heights  of  Bases  of  Cirrus  Cloud  Layers  Observed 
S*K?7  WlSts  over  the  United  States  toy  Project  Witoack, 
Winter  and  Spring  1951  [22}- 


O 


3.1.5.  Prefect  Cloud  Trail.  Apple-mn  has  sisstriud  heights  of 
all  high-cloud  bases  reported  by  ADC-AWS  Project  Cloud  Trail  during  the 
year  December  195*-Nevember  1955  (««•  AWS  TR  105-132).  The  data  are 
fron  daily  Jet-interceptor  flights  over  certain  U.S.  radiosonde  sta¬ 
tions,  at  1500Z.  The  aircraft  reported  heights  of  bases  and  tops  of 
all  high  cloud  penetrated  above  25,000  feet  MSL.  There  was  probably  a 
large  proportion  of  water-drop  clouds  (As)  included  in  the  25,000- 
30, 000- ft  region  during  spring,  sumraer,  and  autumn.  Average  heights 
of  the  cloud  bases  were  tabulated  by  seasons  and  the  year,  for  northern 
and  southwestern  end  all  of  the  United  States,  and  for  scattered  and 
broken  coverages.  (See  Tables  in  Appendix.)  Ho  significant  differences 
between  broken  and  scattered  decks  were  found;  therefore,  these  cate¬ 
gories  were  combined.  The  Tables  show  that  in  northern  United  States 
(above  39*H)  there  is  a  slight  seasonal  trend  in  bass  height,  lowest  in 
winter  and  highest  in  simmer,  ranging  around  an  annual  mean  of  30,000 
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f«t.  The  data  for  eeuthmoatarn  Ohlted  Statas  wen  too  faw  to  establish 
•  significant  ruioml  tnnd.  *»r  the  yean  In  ««•*»!.  the  souMmestero 
0  S  cirrus  appear  to  occur  st  subtly  greater  heights  than  do  the 
^^Tv^few  esses  with  bs.es  above  36.000  fe*  «n  reports. 

fflie  standard  and  aaan  drrlations  of  tha  cloud-ba»*  heights 
observed  on  this  Project  here  also  been  computed  (see  *»S.  TB  ^>^9* 
for  details);  the  standard  deviation  ranged  free  3.589  feet  in  sutuen 
to  5.099  feet  in  sunmr.  The  corresponding  assn  deviations  are  2,86* 
to  4,079  feet,  respectively.  *  reconputstlon  eliminating  cans  proba¬ 
bly  not  true  cirrus  did  not  significantly  alter  thee,  figure*. 

*  further  smery  was  Bade  showing  by  seasons  and  regions  the 
frequency  of  cloud  reported  at  each  1000-foot  interval  fro.  25.000  feet 
uo  (see  able*  *10-12  in  appendix).  There  a  soae  sanpling  bias  in  the 
results  owing  to  the  lubber  of  flights  decreasing  with  height,  also, 
the  local  tine  of  the  flight*  (no-ilng)  and  the  lack  of  station*  in 
control  and  eoutheastero  aectl'  _  of  the  felted  Sates,  probably  elimi¬ 
nated  Batch  cirrus  of  the  anvil  type.  In  the  warmer  seasons  and  regions 
this  type  of  cirrus  would  be  expected  to  occur  more  frequently  at 
heights  of  35,000-55,000  feet  then  these  statistics  reveal.  In  general, 
the  percentage  frequency  of  cloud  encountered  by 

with  height  from  25.000  feet  up  to  a  maxim*  around  27,000-35,000  feet 
epQH  on  season  and  region  and  decreased  to  sero  above  40,000- 
50,000  feet.  The  annual  percentage  frequencies  at  nodal  height  are 
about  14*  for  northeastern  United  State*.  13*  for  northwestern  anted 
States,  and  8*  for  southwestern  anted  States  -  these  are  rather  lower 
rolues  than  those  ccqmted  for  the  BC*F  data  over  Canada  (eae  Figure  5, 
and  paragraph  3.1.6)  winch  give  18-19*.  though  the  height  of  aaxliasi 
frequency  for  the  two  sets  of  data  la  about  the  saue.  The  seasonal 
variation  in  modal  frequency  was  quit#  marked,  as  Cloftsan  also  found 
ovar  Canada  (eaa  paragraph  3.1.6),  about  10-11*  difference  between  the 
extreme  seasons  -  the  greatest  modal  frequency  was  in  winter  in  the 
west  and  in  spring  and  aumaar  in  the  east  (in  this  respect  the  year 
1955  may  not  [**•  been  typical).  The  height  of  the  maxim  frequency 
waa  generally  2,000-7.000  fast  lower  in  winter  than  aimer,  as  would  he 
espeeted.  It  will  be  recalled  that  the  Mjn  height  of  the  cloud  bases 
waa  30,000  feet,  l.e.,  several  thousand  fsst  lower  then  the  height  of 
.a,  frequency  of  clou*  -  this  is  a  reasonable  difference  consider¬ 
ing  the  avenge  thickness  of  the  elouds.  Howover,  the  seasonal  range 
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in  modal  height  was  almost  insignificant  In  the  northwestern  region, 
even  though  the  frequency  was  much  greater  In  winter,  which  can  be 
explained  in  terms  of  the  ii&arltlme  west-coast  climate. 

3.1.6.  RCA?  Flight  Data.  A  report  by  Clodman  [12]  analyses  2000 
cirrus  observations  from  RCA?  aircraft  flights  distributed  over  bases 
in  the  prairie  provinces,  eastern  Canada,  and  at  North  Bay.  These 
flights  observed  the  percent  of  time  the  aircraft  was  in  cirrus  at 
specified  altitudes:  30,000,  35,000,  and  40,000  feet  (only  one  case 
reported  at  50,000  feet).  The  observers  also  estimated  the  percent  of 
the  sky  covered  with  cirrus  regardless  of  altitude  or  number  of  layers 
(called  by  Clodman  “total  cirrus”).  This  observational  series  is  con¬ 
sidered  by  Clodman  to  be  random  and  representative  of  the  region 
(  —  some  cases  where  the  height  was  not  reported  were  eliminated). 

There  is  very  little  geographical  and  seasonal  variation  in  cirrus  fre¬ 
quency  shown  in  the  data.  The  distribution  with  height,  however,  shews 
a  marked  difference  between  summer  and  winter.  Clodman,  with  the  aid 
of  certain  assumptions,  derives  from  the  data  a  eet  of  curves  of  clima¬ 
tological  probability  of  cirrus  occurrence  as  a  function  of  height,  for 
several  ranges  of  climate,  along  with  modifying  factors  to  allow  for 
differences  in  predominance  of  cyclonic  or  anticyclonlc  situations  in 
the  climate.  In  doing  this,  the  assumption  is  first  made  that  the 
shapes  of  the  curves  should  be  the  same  for  all  seasons.  Thus,  values 
can  be  interpolated  for  other  heights  than  reported  by  the  aircraft. 

It  is  also  assumed  that  amounts  of  cirrus  occurring  below  the  height  of 
maximum  cirrus  frequency  are  equal  to  the  amount  occurring  above  the 
maximum.  The  “total  cirrus”  values  are  multiplied  by  thickness  (l.e., 
heights)  to  obtain  the  areas  under  the  curves.  Heights  of  the  maximum 
frequencies  are  now  adjusted  to  give  areas  equal  to  the  calculated 
values.  The  resulting  height- vs- frequency  curves  are  shown  in  Figure  5. 
Curves  2,  3#  and  4  are  for  the  cold,  intermediate,  and  warm  months  over 
southern  Canada,  respectively.  The  stean-upper-air  temperatures  for 
Canada  associated  with  these  curves  are: 


Curve  Number 

1 

3 

4 

5 

500  mb 

-38*0 

-23* 

-15* 

-8* 

400  mb 

-4?*C 

-42* 

-36’ 

-27* 

-19* 
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HEIGHT  in  thousands  Of  EEET  -»■ 

Pifcure  5.  Mean  Frequency-Height  Distribution  Cvws  £®L2i£rU? 
S8S  (after  Clodean  [12])  Applicable  to  Areas  In  Figures  6,  7 

and  8. 
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Figure  6.  Areas  of  Applicability 
for  Mean  Cirrus  Frequency-Height 
Curves  of  Figure  5,  in  the  Warn 
Months  (after  Clodman  [12]). 
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Figure  7.  Areas  of  Applicability 
for  Mean  Cirrus  Frequency-Height 
Curves  of  Figure  5,  In  the  Inter¬ 
mediate  Months  (after  Clodman  [12]). 


Figure  8.  Areas  of  Applicability 
for  Mean  Cirrus  Frequency-Height 
Curves  of  Figure  5,  in  the  Cold 
Months  (after  Clodman  [12]). 


readings  with  factors  to  compensate  for  effects  of  having  less  or  mere 
cyclonic  activity  than  typical  of  southern  Canada.  The  following 
values  for  such  factors  are  suggested  by  Clodman,  based  on  the  relation 
he  found  between  cirrus  frequency  and  undercasts  or  precipitation  (see 
paragraph  4.1.2); 
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Active  Storm  Area 

ta ght  to  Moderate  Cyclonic  Activity 
South  Sides  of  Jet  Streams 
High-level  Lows 
Antlcyclonic  Area 
Semi-permanent  lam 
Semi-permanent  High 
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XI.  4 
XI. 4 
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xo.7 
XI. 2 
*>.8 


It  should  be  noted  that  Clodman's  curves  are  extrapolated  to  almost 
sero  frequency  of  cirrus  at  low  levels  -  the  forecaster  or  climatologist 
concerned  with  operational  problems  must  remsiber  that  actually  the 
occurrence  of  Biddle  clouds  overlie  the  lower  cirrus  rsgLco  sso  that 
these  curves  aay  be  more  or  loss  meaningless  for  many  practical  pur¬ 


poses  in  the  region  below  30,000  feet. 

A  method  for  estimating  the  height  of  cirrus  bases  in  Individual 

situations  is  also  proposed  by  Clodman,  derived  as  follows:  Ifce  mean 
base  height  ia  taken  as  ^  the  mean  thickness  minus  the  mean  height  of 
naxlmw  occurrence.  The  mean  temperatures  for  the  mean  base  heights 
were  found  from  mean  upper-air  data  for  each  season.  When  plotted  on 
a  Canadian  Meteorological  Service  tephigrem,  these  temperatures  for*  a 
straight  lino  passing  through  -*3*C  at  400  mb  and  -37  c  300  mb. 

This  line  agrees  with  the  general  critical  temperature  for  cirrus 
foliation,  around  -40*C,  but  implies  that  the  critical  temperature  in  a 
little  warmer  in  warmer  air  masses.  Where  the  current  sounding  inter¬ 
sects  this  line,  should  be  the  height  of  any  cirrus  then  occurring. 
Clodman  fails  to  point  out  that  there  is  an  inconsistency  between  this 
empirical  line  and  data  fro*  other  investigations  which  would  call  for 
frequent  cirrus  occurrence  at  temperatures  saich  warmer  than  -40*C.  The 
explanation  for  this  is  that  Clodman  used  the  height  of  msxisw*  occur¬ 
rence  in  deriving  his  critical  line,  which  thus  *xclvO*»  the  half  of 
the  cases  that  occur  below  the  height  of  maxi n  frequency.  Eis  criti¬ 
cal  line  should  probably  be  shifted  about  +10*C  to  include  these  case©. 
(Cf.  paragraph  3.1.7.)  *>  test  of  Clodman* a  method  as  a  forecast  aid 

has  been  reported. 

3.1.7.  Estimates  From  Contrail-Formation  Curves.  Estimates  of  the 
height  of  cirrus  and  olrroatratua  baa.a  nada  by  ground  waathw  oba.rr.ro 
without  aid  of  radio-aoundinga,  aircraft,  thaodollt.,  or  radar,  can  b. 
grossly  in  error,  Applawan  tans  W  105-UP  and  I0g-13g)  eonparod 
greund-obaamr  oitlaataa  with  alroraft-obawror  mtlaatag,  finding  the 
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former  were  9,600  feet  too  low  on  the  average.  Because  cirrus  is 
generally  observed  when  contrails  are  reported  (paragraph  2.3),  he  pro¬ 
posed  using  his  contrail- formation  curves  to  estimate  the  probable 
height  of  observed  cirrostratus  clouds 0  Tests  showed  this  would  reduce 
the  average  error  of  cirrus-height  estimates  to  wichia  3000  feet.  How¬ 
ever,  Clodman's  [12]  empirical  cirrus-base  vs  temperature  criterion 
gives  values  2000  feet  higher  than  Appleraan's  on  the  average  for  the 
warm  months  and  1000  feet  lower  in  the  cold  months  (see  paragraph 
3.1.6).  Recently,  Appleman  has  made  a  teat  of  contrail- formation-curve 
estimates  on  high  clouds  whose  heights  were  reported  by  Project  Cloud 
Trail  teSs..„TO  10g-12H).  He  found  the  method  gives  good  estimates  for 
clouds  at  -40*C  or  colder  (about  900-1500  feet  too  low  on  the  average), 
but  increasingly  inaccurate  results  as  the  clouds  become  warmer,  the 
estimates  being  systematically  5000  to  9000  feet  higher  than  the  actual 
heights.  For  the  year  as  a  whole  and  on  all  clouds  above  25,000  feet 
th®  8ul  ’  wer®  (^ng  the  900  humidity-contrail  curve  in  klh%„  105- 100 1  • 


Error  (feet) 

Overcast  and 
Broken  Layers 
(>.6) 

Scattered  Layers 
(<.5) 

0  -  2000  feet 

2100  -  4000 

4100  -  6000 

j  6100  -  8000 

8100  -  10,000 
>10,000 

78  cases  (353*) 
64  (63) 

37  (80) 

28  (92) 

12  (98) 

4  (100) 

166  cases  (37*) 
122  (64) 

68  (79) 

53  (91) 

24  (97) 

12  (100) 

Total 

223 

445 

Aver.  Absolute  Error 

Aver,  Algebraic  Error 
j  (Eat.  Kt.  minus  actual)  j 

3870  feet 

+1620  feet 

4120  feet 

+3160  feet 

There  was  little  difference  between  seasons.  The  results  grouped  by 
cloud- base  temperatures  were  as  follows: 
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Temp.  No 
°JSgy*  Cases 

Average 

Absolute 

Error 

(feet) 

Average 

Algebraic 

Error 

(feet) 

Overcast  and 
Broken 

Scattered 

.... 

Overcast  and 
Broken 

Scattered 

-20/-29*  30 

7 600 

9100 

+7600 

+9100 

-30/- 39*  175 

510C 

5500 

+5100 

+5500 

>  -40*  430 

_ 122? 

2900 

-900  | 

-1500 

This  study  Is  fully  reported  In  AWS  TB  105-11QA. 

It  has  been  questioned  whether  this  use  of  the  contrail  curve 
gives  any  better  improvement  than  could  be  obtained  by  using  the  clima¬ 
tological  height  as  an  estimate,  assuming  the  climatology  were  avail¬ 
able.  A  test  of  this  idea  was  made  on  the  Project  Cloud  Trail  data. 

The  results  suggest  that  very  probably  climatology  would  give  estimates 
of  an  accuracy  comparable  to  those  from  the  contrail  curve  (see 
AWS  TB  105-110A).  Lack  of  suitable  climatological  data  on  cirrus 
heights  prevents  general  operational  use  of  this  simple  method. 

H.  Appleman  (at  Hqs,  2d  Air  Weather  Wing)  noted  that  the  hypothesis 
of  Krebs  and  Doege  [39]  (**«  paragraph  4.1.13)  can  probably  bo  used  to 
estimate  the  base  heights  of  observed  cirrus  with  an  improvement  in 
accuracy  over  eye  estimates  equivalent  to  that  obtained  by  use  of  the 
900  contrail  curve.  Mo  test  of  this  method  has  yet  been  made  or  inde¬ 
pendent  data. 

3.2.  Thickness.  Aufta.  Kampe  (37)  and  Weiciceann  [65)  measured  thick¬ 
nesses  of  cirrus  layers  (individually)  on  46  research  flights  to 
10,000  as,  at  Alnrlng.  They  obtained  a  maximum  frequency  at  less  then 
200  m,  end  secondary  — at  1000  and  2600  m.  The  greatest  thic^iess 
was  over  5000  m.  (See  Figure  9.)  During  Project  Wibaek  (aee  paragraph 
3.1.4)  about  25  cases  of  cirrus  base  and  top  observations  from  B-4? 
flights  were  obtained  free  which  thicknesses  could  be  computed  [22]  [23]. 
These  results  art  illustrated  in  Figure  10.  The  majority  of  cases  wart 
less  than  1000  feet  thick,  but  one  (multiple-layered  probably)  reached 
10,000  feet,  another  17*000  feet. 

The  British  Meteorological  Research  Flights  of  1949-52  obtained  63 
measures  of  cirrus  thickness  (Figure  11)  (36).  The  most  frequent 
values  fell  in  the  3000-5000-foot  range  though  several  casas  exceeded 
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Pijmre  9.  Frequency  Distribution  of  °£J?1^ai“ 

vldual  Cirrus  Layers  Observed  cn  Research  Flights  froa 

A  Inring,  Bavaria,  1939-*2  1 65]. 

u  000  .set,  and  10  =««.  were  merged  with  middle-level  clouds.  When 
thi  thlokness  «•  grant.  the  observer,  noted  s  tendencjtolwerlng 
(or.  parasrtph  2.1.7)  or  to  stratification  In  the  density 
tell  which).  The  result,  for  113  «.«.  fro.  the  “* 

shown  in  Figure  12.  About  TO#  of  the  «...  were  in*.  "»*  *“ 
several  hundred  feet  to  6000  feet,  with  greatest  frequency  at  *000-6000 

feet.  Some  cases  reached  17.000  feet.  , 

The  Project  Cloud-Trail  data  taws  TR  105-132)  (»•*  kppetOlx)  Indi¬ 
cate  the  patchy  (“scattered-)  cirrus  were  predominately  l«s  O»nJ000 
feet  thick,  whereas  «...  of  .6  sky  cover  or  overcast  cirrus  tend, 
be  thicker  (mostly  M  then  5000  feet).  There  were  «ny  owe.  over 
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Pigure  11.  Frequency  Distribution  of 
Thicknesses  of  High  Clouds  Observed 
on  British  MR  Plights  from  So.  Pam- 
borough,  3.949-52  1*5 1  • 
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Igure  10.  Frequency  of  Cirrus  Thicknesses  on 

raiect  Wlback  B-47  Flights  over  the  United  States, 
inter-Spring  1951 ;  TabSated  by  1000-ft  Intervals  [22]. 


TOTAL 


A VS  TR  105-130 


March  1957 


Figure  12.  Frequency  Distribution  of  Cirrus 
Thicknesses  Observed  on  British  MR  Plights  of 
1952-54  [36]. 


7500  feet*  most  of  which  included  associated  altostratus.  The  aver¬ 
age  tnlckness  was  greater  in  the  warmer  season. 

ciii-uo  data  over  southern  Canada  [12]  there 


In  the  RC*F 


were  4 00  reports  citing  the  thickness.  The  means  of  these  were: 


warm  months 
Intermediate  months 
cold  months 
annual 


6*700  feet 
6,399  feet 
6*000  feet 
6,300  feet 
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3.3.0c  Frequency, 

3.3.1.  Ground  Observations.  A  vast  amount  of  data  on  frequency  of 
cirrus  could  bo  compiled  and  summarized  from  standard  surface  synoptic 
or  observatory  reports  and  from  ships  observations.  A  considerable 
amount  of  such  summaries  can  be  found  In  the  literature,  but  It  is 
doubtful  that  they  contain  much  Information  of  value  for  the  forecaster, 
owing  to  the  Inherent  limitations  of  the  observations.  These  limita¬ 
tions  are  also  serious  for  the  forecaster  who  may  attempt  to  use  them 
in  nephanalysls  or  In  any  method  for  forecasting  cirrus;  therefore,  s 
notice  of  them  Is  not  out  of  place  here. 

In  the  first  place,  the  International  Instructions  (67)  for  ob¬ 
serving  and  reporting  cirrus  are  complicated  and  not  easy  for  the  ob¬ 
servers  to  apply.  Especially  the  distinctions  between  cirrostratus  and 
altostratus  and  between  clrrociamlus  and  fine-grained  altocumulus  are 
contusing  and  often  confused  (see  paragraph  2.1.1).  The  division  be¬ 
tween  cirrus  and  cirrostratus  is  vague  .and  arbitrary  (see  paragraph 
2.1.1).  At  night,  without  msonllght,  much  cirrus  passes  totally  un¬ 
noticed  [68]  cr  Is  grossly  nls  judged  as  to  type  and  coverage;  there  Is 
probably  no  real  diurnal  variation  In  cirrus  except  where  alrmass 
thunderstorms  or  orographic  effects  are  Important  (see  paragraph  3.*)* 
Lower  or  middle  clouds  on  the  horizon  may  look  like  cirrus,  or  vice 
versa.  The  difficulties  of  Judging  the  nature  and  extent  of  cirrus 
from  the  ground,  even  when  there  are  no  lower  obscurations,  has  already 
been  pointed  out  in  paragraphs  2.1.2,  2.1.6,  and  2.1.7.  When  lower 
and/or  middle  clouds  are  present,  which  in  many  climates  Is  a  large 
proportion  of  the  time,  the  cirrus  are  partly  or  totally  hidden  from 
the  ground  observer,  who  can  only  guess  what  cirrus  tf  any  exists  In 
the  obscured  area.  The  outcome  is  that  data  on  coverage  and  frequency 
of  cirrus  always  give  values  too  low  and  their  variations  tend  to  re¬ 
flect  inversely  the  variations  in  the  phenomena  obscuring  cirrus  rather 
than  In  the  cirrus  itself.  Finally,  instructions  have  changed  from 
time  to  time  and  varied  from  country  to  country.  Stations  report  in 
different  codes  according  to  the  type  of  report  and  purpose.  Observa¬ 
tions  are  consequently  often  Inhooogeneous .  In  view  of  all  these 
circumstances  the  climatology  of  ground  observations  of  cirrus  Is  prob¬ 
ably  of  little  intrinsic  value  for  the  air-operational  weather  fore¬ 
cast  er. 

3.3.2.  Observations  from  Aircraft.  These  provide  an  opportunity 
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to  correct  some  of  the  bias  In  the  surface  observations.  Sch*erdtfeg«r 
[57]  compared  the  frequency  of  high  clouds  observed  from  airplane 
ra.t.orograph  flight,  at  K8nlg»b.rg  with  th.  »Uiult*n.oua  ground  observa¬ 
tion.  »t  th.  une  place,  over  .  period  of  two  y «n  (193b- 36).  ®>e 

results  were  as  follows: 

Define:  £  as  the  total  number  of  days  in  the  period  of  investiga¬ 
tion  (731  -  total);  0  as  the  number  of  days  the  report  of  '‘cirrus "  was 
nade  by  the  ground  observer  (0)  (111  -  total),  or  by  the  aircraft  ob¬ 
server  (A)  (22b  -  total);  and  CH  as  the  number  of  days  when  the  report 
of  "high  cloud"  was  made  by  the  ground  observer  0  (208  -  total),  or  by 
the  aircraft  observer  A  (377  ■  total).  Then: 


TABLE  IV 


Percentage  of  Time  when  it  was  Possible  for  the  tooi^d  ObMrver 

(0)  and  for  the  Aircraft  Observer  (A)  to  Determine 

rus  or  "No-Cirrus"  was  Present.  Kdnigsberg,  0800Z,  193*—^ • 


°^CH 

Summer 

Winter 

Year 

a 

56.6* 

30.7* 

43.6* 

A 

88.9* 

82.9* 

85.9* 

As  seen  from  the  table  the  aircraft  failed  to  get  a  complete  view 
of  the  upper  sky  only  14.1*  of  the  time.  This  could  be  partly  due  to 
aborted  missions,  but  it  was  mainly  because  the  aircraft  was  still  in 
cloud  at  its  ceiling  (about  500  mb).  The  ground  observer  on  the  other 
hand  was  unable  56.4*  of  the  time  to  make  any  decision  as  to  whether 
cirrus  was  present  or  not.  The  figures  reveal  quite  strikingly  the 
large  number  of  occurrences  of  high  cloud  which  ground  observers  will 
fail  to  see  for  one  reason  or  another.  Where  low  and  middle  clouds  are 
frequent,  the  ground  observations  of  cirrus  probably  record  but  50*  of 
th®  true  frequency.  This  conclusion  is  supported  also  by  Prench  and 

Joh&nnessen  [24]  and  by  Cole  [133* 

Murgatroyd  and  Goldsmith  [45]  had  occasion  to  compare  ground  and 
aircraft  cirrus  observations  in  connection  with  the  British  MR  Plights 
of  1949-52  from  South  Parnborough.  The  ground  observations  had  a  pro¬ 
nounced  diurnal  variation,  the  day  hours  reporting  about  twice  as  much 
as  the  night  hours.  Clear  skies  with  no  cirrus  were  reported  20*  of 
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the  tine  by  day  and  *0*  *t  night.  Hor.  clrrua  «•  cb«rv»0  in 
than  winter.  The  dium.1  and  .aaaonal  variation,  war.  alallar  at 
stations  in  southam  toglana  (but  ratios  of  cirrus  to  no-clrras  «ra 
greater  toward  western  Sngland).  Cirrus  sheets  are  often 
and  sons  tines  cover  .most  all  the  British  Isles,  ferloda  when  toe 
nlsh  clouds  are  obscured  by  lower  ones  occur  60*  cf  toe  tine  In  win  r 
and  45*  in  sun-r,  a  -*1—  at  dawn  and  a  nlnlnun  at  dusk.  All  tM. 

strongly  suggest,  a  large  bias  (M  "**  * 

frequency  of  ground  reports  of  CH  cod.  -unbar.  was  g~at«t 
and  C„  -  1.  followed  by  ^  -  3,  C„  -  8,  Cg  -  6,  Cg  .  9;  the  iaa*e 
C  -  0,  7,  5,  And  *  ***•  ssldom  reported. 

The  rereft  observation*  gsvsti 

high  cloud  in  iHssdiate  vicinity 
high  cloud  visible  in  distance  27* 

no  high  cloud  -J=Z£ 

100* 

Thus,  o bout  50*  of  the  time  in  daylight  there  is  high  cloud  above 
southern  England  and  only  25*  or  tin.  1.  cirrus  absent.  There  Is  a 
.,,11  seasonal  variation  In  these  frequencies,  spring  having  fewer 
’’cirrus*  and  wort  "no- cirrus”  than  other  seasons.  Stotr  and  autuwn 
have  soncwhat  wore  cirrus  than  winter  and  spring,  which  la  only  roughly 

similar  to  the  surface  observations . 

jawos  (36)  In  discussing  tl*  1952-5*  observations  found  that 
the  aircraft  reported  -clrrua*  about  twice  a.  often  a.  "no-clrrua. 

In  the  2,000  RCAP  flight  observation,  of  clrrua  over  southern 
Canada  (12)  (see  paragraph  3.1.6).  little  or  no  significant  geographi¬ 
cal  and  seasonal  variation  In  frequency  was  found.  In  analyzing  tola 
data  Clodwen  computed  toa  percent  of  the  aircraft- reported  cirrus  sty- 

/  K-  *  1  ntimii  *  ahh  nBPf  fTlVP^  3  •  1  •  v)  eshiCh  CCSUTTtd  With  SO 

coverage  ("total  cirrus,  see  —  *•  '  . 

undercast  (45*).  without  »  undarenat  (2)#).  with  precipitation  (60*), 

and  "unapeclfleu"  <33*).  Ot*  *»7  lllf*r  fr°“  '**** 

a  large  proportion  of  the  cirrus,  probably  wall  over  50*.  « 
froa  ground  observers.  Clodnan  further  edtlnetes  that  even  *0*  of  toe 
“total  cirrus*  coverage  was  with  an  underoaat.  but  without  precipitation 
(see  also  paragraph  *.1.2).  Additional  tolcltn...  data  are  H«n  In  (to). 

3.3.3.  Radar  Obaeruatlona.  Observe. Clone  by  an  ezperi-ental  Radar 
Cloud  Eu lector  developed  by  toe  Signal  Corps  Engineering  laboratories 
£6*)  (50)  indicate  such  a  device  can  detect  such  clrrua  that  a  ground 
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observer  does  not  see.  In  a  year's  test  at  Belmar,  New  Jersey,  during 
1951-52#  this  .87-*.  n  radar-observed  high  clouds  51*5#  of  the  time,  the 
radar  and  ground  observer  alone  but  14.5$  of  the  tiro©  [64].  There  were 
only  a  few  cases  when  the  radar  missed  cirrus  reported  by  the  ground 
observer.  Aufm.  Kampe  and  Weickmann  [733  reported  they  obtained  con¬ 
tinuous  echoes  on  a  1.25-cm  model  of  this  radar  from  regions  where  large 
Ice  crystals  (snow?)  were  present  but  no  obstructions  to  visibility 
were  observed.'  It  was  estimated  for  a  1.25-cm  radar  of  less  peak  power 
than  the  above  set  that  it  can  detect  40$  of  thick  but  no  thin  Cl 
fibratus,  20J t  of  Co,  no  thin  Cs,  and  70$  of  thick  Cs  [50]. 

3.4.  Orographic  Cirrus.  Over  the  Alps  and  the  Sierra  Nevada, pilots 
have  reported  standing  lenticular  ("Moazagotl, "  "Bishop  Wave")  clouds 
which  were  high  (i.e.,  cold)  enough  to  produce  plumes  of  cirrus  stream¬ 
ing  from  them.  These  must  be  cases  where  the  temperature  at  cloud  level 
la  below  -35*C.  Then,  although  the  lenticular  cloud  Is  forming  and 
evaporating  continually  as  a  cloud  of  water  drops,  a  certain  proportion 
of  the  droplets  freeze  i  3 fore  they  reach  the  evaporating  lee  edge  of 
the  cloud.  The  ice  crystals  drift  away  with  the  wind  as  a  long  band  or 
as  successive  patches  of  cirrus  [42]. 

Ludlam  1.423  has  observed  this  process  In  high  lenticular  clouds 
caused  by  low  hills  in  southern  England,  for  even  hills  can  disturb  the 
flow  up  to  30,000  feet  or  more  under  certain  conditions.  These  condi¬ 
tions  are  more  frequent  at  night  when  the  lower  air  is  stable,  and  this 
may  partly  explain  a  peculiar  ground-observed  diurnal  variation  in 
cirrus  over  southern  England. 

3.5.  Tropical  Clrgys.  The  cirrus  of  the  subtropics  over  land  is 
mainly  from  anvils;  at  soa  it  is  mostly  Ci  or  Cib  spiesatus  and  fibratus 
associated  with  general  convergence  in  easterly  waves,  in  high-level 
disturbances,  or  in  the  tropical  exensions  of  mid-latitude  troughs  of 
the  westerlies.  The  Cb  is  not  a  common  cloud  over  the  open  tropical 
oceans.  Cirrocuraulus  is  rare  but  appears  to  be  unassociated  with  other 
cirrus  and  is  easily  confused  with  altocumulus.  A  characteristic  situ¬ 
ation  in  the  trades  is  for  one  isolated  tall  Cb  cloud  moving  westward 
with  the  lower  winds  to  produce  an  enormous  extent  of  cirrus  aplaaatua 
or  Cs  in  a  few  hours  because  the  anvil  is  continually  sheared  off  in 
the  oppositely-directed  flow  aloft  (antitrades)  [43). 

The  equatorial  zone  of  general  convergence  between  the  Northern 
and  Southern  Hemisphere  trades  has  rather  persistent  multi-layered 
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clrrostratus  overcasts  or  dense  clrrua  patches,  with  bases  aoova  40,000 
feet  Pilota  in  Africa  [18]  raport  thia  cloud  ia  coamon  over  a  dlatanca 
of  1600  n.ffl.  on  the  Cape-Cairo  route.  It  la  apparently  fomed  and 
carried  polewards  In  the  general  riling  outflow  from  the  lntartroplcal 
convergence,  and  la  not  necessarily  fro.  anvlla  (aae  AMSiN  , 10^48). 

The  height  of  tropical  clrrua  la  deceiving  tc  gr«  1  observers, 
who  often  estimate  It  at  30,000  feet,  whereas  pilots  find  it  looks  almost 
as  high  above  then  from  30,000  feet  as  from  the  surface. 

The  radiating  cirrus  stripes  fra  topical  cyclones  were  formerly 
considered  useful  indicators  of  the  location  and  approach  of  the  atom, 
assuming  the  bands  point  in  the  direction  of  the  atom  center  and  out¬ 
flow.  Thia  ia  valid  only  with  severe  limitations,  because  stripes  are 
also  produced  by  scattered  anvils  not  associated  with  storms  and  be¬ 
cause  only  certain  sectors  of  the  stoma  ee®*  to  produce  stripes  [16] 


Palmer  [43]  has  analyzed  the  successions  of  skies  associated  with 
the  slow  passage  of  high-level  cyclonea  ("distal  cyclones")  over  sta¬ 
tions  in  the  equatorial  Bid-Pacific;  'the  usual  case  was  as  follows: 


Development  Succession: 
(few  days) 


Cyclic  Succession: 
(period  of  weeks) 


Cs  nebulosus,  very  high 

L 

•rj  mbulosua  plus  C*  fltantu. 

i 

Cs  nebulosus  plus  Cs  fibratua  plus  Cs 
j'Spissatus,  uncinus,  etc. 

r*>Ks,  Cu  humilia,  Pa,  and  perhaps  Sc; 
j  Rain 

L  Cs,  Ac  stratifomis 

i 

^  Ac.  Cu  humilia 


This  sort  of  "model"  when  based  on  sufficient  data  may  prove  valuable 
as  an  indirect  serological  aid,  for  example,  in  forecasting  the  approach 
of  such  disturbances.  Palmer  suggests  several  models  [43]  for  the  »ld- 

Facific  < 

3.6.  Polar  Cirrus.  In  high  latitudes  in  winter  the  lower  air  amasses 
often  cool  by  radiation  to  temperatures  well  below  -30*  or  -40*C  and 
even  to  -70"C,  which  persist  for  weeks  or  months.  It  is  possible  under 
such  conditions  for  ice-crystal  clouds  formed  in  middle  or  high  levels 
to  descend  to  low  levels,  or  even  to  torn  there,  and  thia  is  sometimes 
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observed.  In  addition,  ice-crystal  fogs  and  bases  fora  near  the 
ground.  Over  the  Arctic  basin  in  winter  a  th*n  ice  mi^t  prevails, 
which  can  be  considered  a  cirrus  cloud  at  the  surfaoe.  However,  the 
"ice  fogs"  occurring  around  airfields  and  settlements  are  artificial 
clouds,  like  contrails,  resulting  from  addition  of  moisture  to  the  air 
by  combustion  of  hydrocarbon  fuels  (see  AWSM  105-44 )»  An  optical 
phenomenon  known  as  "diamond  dust,"  due  to  fine  widely  scattered  ice 
crystals  floating  throughout  a  large  body  of  air,  is  also  commonly  seen 
in  high  latitudes  in  winter  when  the  sun  or  moon  is  up.  In  this  case 
the  concentration  of  crystals  is  too  slight  to  noticeably  reduce  visi¬ 
bility  or  to  be  called  a  "mist."  These  thin  cirrus  types  of  the  polar 
regions  frequently  produce  the  characteristic  pillar  form  of  halo. 

High-level  cirrus  bases,  invisible  from  the  ground  but  seriously 
reducing  visibility  aloft,  are  frequently  reported  by  pilots  in  the 
Arctic.  While  this  sort  of  thing  is  also  common  elsewhere,  the  illumi¬ 
nation  conditions  in  the  Arctic  probably  aggravate  the  problem. 

4,0.  The  Cirrus  Forecasting  Problem. 

Only  four  special  metnods  of  forecasting  cirrus  have  been  published. 
Also,  undoubtedly  many  fa reoastera  have  attempted  to  forecast  cirrus  or 
high-cloud  using  familiar  frontal  or  cyclone  models.  None  of  these 
methods  or  models  by  itself  has  proven  operationally  adequate  though 
several  of  the  special  methods  show  some  success  or  seem  promising  for 
further  development.  Meanwhile,  the  search  for  a  more  satisfactory 
solution  continues.  The  following  review  of  previous  studies  is  in¬ 
tended  to  assist  in  seeking  an  improved  method.  In  paragraph  4.1, 
various  parameters  which  have  been  correlated  with  cirrus  are  listed 
and  the  results  briefly  noted.  Per  those  who  wish  to  try  the  special 
methods  already  proposed,  these  are  outlined  in  paragraphs  4.2,  4.3, 

4.4,  and  4.5.  Some  suggestions  for  further  experiment  are  mentioned  in 

4.6. 

4.1.0.  Parameters  Which  Have  Been  Correlated  with  Cirrus  Occurrence 
or  Formation.  From  a  survey  of  the  more  accessible  literature,  various 
attempts  to  relate  cirrus  to  certain  meteorological  parameters  or  synop¬ 
tic  conditions  were  noted.  Such  correlations  are  of  Interest  in  that 
they  may  suggest  the  bases  for  forecasting  methods  [22].  However,  sow 
of  this  work  is  of  only  negative  or  historical  value.  Additional 
parameters,  not  yet  adequately  analysed  in  relation  to  cirrus  but  which 
might  wall  be  tested,  are  mentioned  in  paragraph  4.6.  Thar#  are  16 
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parameters  discussed  ;Ln  the  following  paragraph!.  The  order  of  traat- 
mnt  corresponds  to  tlte  sequence  In  which  a  forecaster  night  ccnsidsr 
these  parameters  while  praparlng  a  general  aurfaca  and  uppar-air  fore- 
caat.  Bosever,  each  paxsuaster  la  dlaeuaaad  independantly  ao  that  tha 
whole  sequence  need  not  be  raad  to  understand  any  pa. £  of  it. 

Tha  paraasters  and  typaa  of  charts  required  to  araluata  tha*  are 

aa  follows f 


Paraaatar 

Paragraph  No. 

Chart (0)  Required 

Surface-Pressure  Pattern 

Fronts  Aloft 

A. 1.1. 

4. 1.2. 

Surface-Synoptic  Chart 

Surface  and  Contour 
Charts,  or  Z-Sectlons 

Contour-  or  Flow-Direction  Aloft 
Contour  Patterns  Aloft 

Vorticity  Advecticn,  300  mb 

4.1.3. 

4.1.4. 

4.1.5. 

Constant- Pressure  Charts 

Constant-Pressure  Charts 

300-fib  Chart,  With  or 
Without  Vorticity  Lines 
Added 

Pressure-  or  Height- Change  Aloft 

4.1.6. 

AP  or  AH  Chart,  or  Haobs 
on  AWS  Form  72 

Temperature  Aloft 

4.1.7. 

Constant-Pressure  Charts, 
or  Haobs 

Temperature  Change  Aloft 

4.1.8. 

Constant-Pressure  Charts, 
or  Haobs 

Thickness 

Thickness  Advaetlon 

4.1.9. 

4.1.10. 

Thickness  Charts 

Surface  or  Contour  Chart 
With  Thickness  Lines 

Added 

Tropopauae 

4.1.11. 

Tropopause  Chart,  Haobs 
or  X-Sectlons 

Wind  Shear 

4.1.12. 

Constant-Pressure  Charts, 
or  Wlnds-Aloft  Charts, 
or  Wind  Profiles,  or  Max- 
Wind  Shear  Charts 

Lapse  Hate 

4.1.13. 

Haobs,  or  Thickness 

Charts 

Vertical  Motion 

4.1.14. 

Vertical-Motion  Charts, 
or  Thickness-Vortlcity 
Charts 

Humidity 

4.1.15. 

Haobs,  Constant-Pressure 
Charts  With  a  Moisture 
Index  Added 

Jat  Stream 

4.1.16. 

Xsotach  Charts,  Winds- 
Aloft  Charts 
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4.1.1.  Surface-Pressure  Pattern.  During  the  era  when  weather  fore¬ 
casting  was  based  solely  on  surface-isobaric  analysis  many  meteorolo¬ 
gists  [11]  [63]  attempted  to  find  an  empirical-statistical  relation 
between  the  directions  and  speeds  of  cirrus  in  advance  of  depressions 
and  the  subsequent  weather  (-  a  primitive  sort  of  indirect  aerology). 
With  the  advent  of  the  Norwegian  School  of  synoptic  meteorology,  this 
idea  took  on  a  more  rational  expression  in  the  form  of  cyclone  and 
frontal  models  which  embodied  the  associated  idealized  cloud  distribu¬ 
tions.  In  these  models  the  cirrus  thickening  and  lowering  into  alto- 
stratus  is  taken  as  the  characteristic  sequence  in  an  advancing  warm 
front.  The  cirrus  of  fair  weather,  i.e.,  outside  the  cyclone  cloud- 
shields,  was  not  clearly  identified  nor  accounted  for  in  the  Norwegian 
models.  However,  the  empirical  cloud-distribution  model  for  an  oc¬ 
cluded  cyclone  developed  by  Schereschewsky  and  Wherl^  in  1923  and  later 
incorporated  in  the  International  Cloud  Atlas  (editions  of  1931  and 
1939) »  does  recognize  a  typical  cirrus  distribution  outside  the  frontal 
shields  (Figure  13).  Also  the  International  (Copenhagen)  Synoptic  Code 
for  States  of  the  Sky  was  designed  in  a  way  which  attempts  to  distin¬ 
guish  between  pre-warm- frontal  cirrus  and  other  formations  of  cirrus, 
mainly  accordin  to  the  synoptic  experience  of  Bergeron  in  western 
Europe.  Useful  as  these  models  have  been  in  general  weather  analysis 
and  forecasting  since  1923,  experienced  forecasters  are  well  aware  that 
using  these  aids  alone  one  cannot  or  could  not  satisfactorily  forecast 
the  occurrence  of  cirrus  as  a  distinct  entity  nor  as  to  the  criteria 
affecting  military  operations  [1]  [2].  The  gross  oversimplification  in 
these  models  is  well  brought  out  in  the  detailed  nephanalytic  study  of 
a  winter  situation  over  the  United  Staten  by  Conover  and  Wollaston  [14] . 
It  is  well-known  that  much  cirrus  is  observed  which  has  no  obvious 
causal  relation  to  any  features  analyzed  on  the  surface  synoptic  charts. 
A  statistical  analysis  [36]  of  the  cirrus  observations  from  British  MR 
Flights  1952-54  in  terms  of  distance  fro»t  the  surface-pressure  centers 
and  frontal  positions  showed  about  %  of  the  cirrus  occurred  remote  from 
any  narked  front,  whereas  about  %  of  the  "no-cirrus"  »as  reported  with¬ 
in  400  miles  of  the  fronts  (see  Tables  below).  (Note  also  paragraph 
4.1.4,  Wolff  and  Somervell's  rules.) 
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N  (LATERAL  SKY) 
(COLD  SIOC) 


DIRECTION  OF  MOTitJw  OF  THE  SYSTEM 


IN  WEST  COAST  REGIONS 
--  IN  CAST  COAST  AND  CONTINENTAL  REGIONS 

Q  VARIED  AMOUNT  OF  CLOUDINESS 
0  SMALL  AMOUNT  OF  CLOUDINESS 
•  HALO  TYFICAL 

I  AN  ESSENTIAL  CLOUD  TYRE  IN  THIS  ZONE 

of  States  of  Sky  with  Respect  to  an  Ideal- 
t.  (After  Viaut,  In  preliminary  draft  foi 
m  or  ciouos,  Parle,  1952.)  The  square  symbols  are  meant 
resenfcative  of  the  entire  son®  In  which  they  are  located; 

ly-cloud  are  shown.  Hi«h  cloud  in  not  shown  In 
la  nonsally  obscured  by  lower  and  middle  cloud 


Figure  13.  Distribution 
Used  Bxtratropioal  Cyclone 
Mm  "Atlas  of  Clouds  "  Par 

to  be  repL - 

only  symbols  for  hli 
the  Main  Body  as  it 
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Relation  of  Cirrus  to  1 ™te™ 

Number  of  Observations  of  "Cirrus"  and  "Mo  Olrrua" 
at  Various  Distances  from  Surface  Fronts 


Warm 

Cold 


{Cirrus 
No  Cirrus 

fCirrus 
LNo  Cirrus 


_  ,  ,  /Cirrus 

Occlusion  (No  cirrus 


Kumber  of  Reports  of  "Cirrus"  and  "No  Cirrus"  at  Specified 
NUpistances  from  Features  of  the  Surface-Pressure  Chart 


Diat.  from  Low 
or  Trough 

Diet,  from  Ridge 
or  High 

Totals 

(x  10 

2  mi.) 

(x  * 

c  ni.) 

0-2 

2-4 

4-6 

6 

0-2 

2-4 

4-6 

6 

Cirrus 

11 

24 

28 

48 

17 

13 

18 

13 

172 

No  Cirrus 

4 

8 

3 

18 

9 

12 

4 

11 

69 

4  1  a  Fronts  Aloft.  Above  500  mb  the  usual  concepts  of  sir 
masses  and  r™ta  have  little  application.  It  1.  difficult  to  find 
many  clear-cut  eases  share  the  warm- frontal  surface  extends  to  the 
tropopause.  exe.pt  perhaps  In  winter  In  high  latitude..  Most  of  the 
fine  cirrus  seen  ahead  of  (and  above)  warm  fronts  or  lows  initially 
forms  detached  from  the  frontal  raiddls-oloud  shield,  though  later  some 
of  It  may  trail  downward  to  Join  with  Ao-As  (aw  paragraphs  2.1.1  and 
3.2).  The  flow  processes  (troughs.  Jet  streams,  etc.)  causing  this 
upper  detached  olrrua  and  those  causing  the  warm-front  clouds  are  of 
course  often  dynamically  closely  coupled,  end  In  this  way  an  apBprent 
connection  of  the  high-  and  mlddle-oloud  can  result  (see  pumgraph 
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The  So*  of  "total  cirrus”  witn  — - — 

justification  for  for.ca.ting  cirrus  utosnsvsr  sn  actlv.  war 
approaching.  Howler.  th.  fact  that  the  cirrus  ft**"**" 
with  height  to  shout  th.  anount.  at  higher *» 

and  precipitatior  a.  well  as  in  other  unspecified  oonditi« 
suggests  that  only  the  lowest  cirrus  is  eery  noticeably  coi 
f^SLl  activity.  («toch  of  the  cirrus  with  precipitation  i 

*nVllta  paragraph  8.1.1.  it  was  pointed  out  that  clrroatre' 
stratus  nay  he  spatially  continuous;  this  is  generally  the 
the  solid  warn- front  shield  which  appear,  a. 

edge  and  gradually  lower,  to  altostratus  and  rJj.bo.tre 
the  center  of  the  disturbance.  The  solid  shield, 
usually  extend  above  500  ah,  and  if  the  t-p.rafor.  at  th. 
_ _  a-  .«•  OP  -35*C.  th«  Vhols  eloud  systs 
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paragraph  2.1.1).  The  sharpness  and  manner  of  advance  of  the  forward 
edge  of  the  shield  will  differ  according  to  whether  It  Is  of  ice  crys¬ 
tals  or  droplets,  whether  it  is  preceded  by  a  pronounced  ridge  line 
(subsidence  area),  whether  the  moisture  and  effective  nuclei  are  uni¬ 
formly  distributed,  etc.  Thus,  patchy  or  wave-like  formations  may  or 
may  not  precede  the  solid  shield,  or  the  shield  may  never  become  solid. 

Conover  and  Wollaston's  study  [14]  and  the  time-lapse  photos  taken  by 
Mr.  Larkin  at  Buffalo  indicate  that  the  cirrus  appears  to  break  away 
from  the  region  of  the  warm-front  shield  in  waves  or  surges  which  move 
faster  than  the  shield  as  a  whole  owing  to  the  increase  in  wind  speed 
with  height.  This  could  be  cirrus  formed  by  over-running  or  by  Cb  of 
the  front,  or  it  may  be  independent  detached  cirrus  of  higher  levels. 

Cirrus  observed  with  the  cold-front  cloud  shield  either  originates 
from  cumulonimbus  along  and  behind  the  front  or  from  convergence  around 
an  associated  upper  trough.  In  many  cases  there  is  no  post  cold-front 
cirrus,  presumably  owing  to  the  marked  subsidence  aloft.  Squall- lines 
can  also  produce  much  anvil  cirrus  which  spreads  out  in  advance  and 
persists  after  the  Cb  dissipate. 

4.1.3.  Contour  or  Flow-Direction  Aloft.  Many  early  investigations 
(63],  having  very  little  or  no  direct  serological  soundings  available, 
made  use  of  observations  of  cirrus  motions  to  study  the  upper- level 
flow  patterns,  both  synoptic  and  mean.  In  retrospect  the  results  of 
these  analyses  appear,  in  their  larger  features  at  least,  to  be  re¬ 
markably  in  agreement  with  recent  direct  observations.  Studies  [11] 
were  also  made  to  find  a  relation  between  cirrus  motions  and  ensuing 
motions  of  associated  surface  lows  or  highs,  leading  to  useful  rules 
that  were  familiar  to  forecasters  of  a  generation  ago.  New  the  objec¬ 
tive  is  the  inverse,  l.e.,  we  now  analyse  the  contour  and  wind  fields 
to  explain  the  origin  of  the  cirrus  and, to  perhaps  forecast  it. 

Schwerdtfeger  [57]  tabulated  the  aircraft  cirrus  reports  from 
Kdnigsberg  1934-36,  according  to  the  meridional  component  of  the  500-mb 
flow  as  measured  by  the  height  differences  Kdnigsberg-Hauaburg,  and 
KOnigsberg-Breslau.  Considering  only  the  cases  of  flow  greater  than 
10  ny'aec,  he  found  that  cirroatratus  is  more  likely  with  southerly  and 
"pure  cirrus"  with  northerly  components.  Even  including  the  cases  of 
weak  flow  the  same  general  picture  results.  However,  if  the  data  for 
both  types  of  cirrus  were  combined,  the  relation  to  wind  direction 
would  presumably  be  very  poor. 
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Murgstroyd  and  Goldsmith  [45]  compared  South  Pamborough  hourly 
ground  observations  of  cirrus  Kith  300-mb  Kind  directions  free.  I*rkMU 
(6-hourly)  for  1950-51-  The  percentage  of  high  cloud  was  greates  •<« 
the  Kind  was  from  the  southwest  to  «est  and  least  when  from  the  north¬ 
east  to  east.  "No-hlgh-cloud"  showed  an  Inverse  relation.  Shy  ob¬ 
scured"  cases  were  about  evenly  divided  among  the  directions.  When  the 
ratio  of  hlgh-cloud  to  no-hlgh-clcud  cases  is  considered,  the  result 
is  that  westerly  winds  at  300  mb  are  more  likely  to  produce  cirrus 
even  allowing  for  the  fact  that  westerly  winds  are  much  more  frequent 
than  easterlies.  James  [36]  In  discussing  th*  1952-54  cir™.  data 
(South  Faroborough)  found  similar  results  for  wind  directions  at  levels 
from  500  mb  to  200  mb.  Mo  relation  with  wind-speed  was  evident. 

The  dependence.  If  any,  of  cirrus  upon  upper-wind  direction  must 
be  bound  up  with  other  parameters  to  be  discussed  below,  and  should  be 

given  consideration  in  that  light.  . 

k.iA.  fiftntomvPattems  Aloft.  The  cirrus  forecasting  saethod  of 

Oayikian,  described  in  paragraph  4.3#  is  based  upon  empirical  Models 
of  upper-level  flow-patterns  associated  with  cirrus.  The  Method  of 
French  and  Johannessen  (paragraphs  4.1.5  and  *.2)  and  the  Method  o 
Hendrick  (paragraph  4.4)  lead  froa  physical  considerations  to  certain 
conclusions  on  the  relation  of  the  upper- level  patterns  to  cirrus  or 
no-cirrus;  however,  they  do  not  use  the  patterns  explicitly  as  Models 
or  as  an  independent  parameter  or  predictor.  For  relation  to  the  S& 

stream  see  paragraph  4.1.16.  .  ...... 

One  of  the  forecasting  rules  widely  used  in  the  United  States 

for  several  decades  or  more,  states  that  the  ridge  line  at  20,000  feet 
preceding  a  warn  front  maria,  the  forward  edge  of  the  cirrus  cloud  sheet. 
This  undoubtedly  refers  to  the  edge  of  the  solid  Ca-As  overcast, 
probably  does  not  include  the  fine  cirrus,  which  would  either  be  higher 
and/or  would  not  evaporate  immediately  in  the  lee  of  the  ridge.  (Cf. 

paragraph  4.1.2.)  .  . 

Commanders  Wolff  end  Somervell  of  the  0.  S.  Havy  Project  ABOttt 

devised  s  more  sophisticated  set  of  forecast  rules  of  this  sort  in 

which  both  surface  and  500-mb  patterns  are  considered.  For  s  typical 

500-mb  wave  pattern,  they  states 

a.  Mo  extensive  Cs  will  occur  before  the  surface  rldge-line 

b  Extensive  Cs  follows  the  passage  of  the  surface  ridge-line. 


wr 
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c.  No  middle  clouds  appear  before  arrival  of  500-mb  ridge- 

line. 


d.  Middle  clouds  tend  to  obscure  the  cirrus  after  the  500-mb 
ridge-line  passes. 


When  the  500-mb  wave  is  rather  flat  the  cirrus  arrival  is  delayed 
and  the  cloud  is  thinner.  The  greater  the  500-mb  streamline  convergence 
from  trough  to  ridge,  the  more  the  cirrus  between  the  surface  and  500-mb 
ridge-lines.  Some  kinship  between  these  rules  and  the  models  of  Gayi- 
kian  (paragraph  4.3)  and  the  principles  of  French  and  Johannessen 
(paragraph  4.2)  will  be  noted.  The  Wolff  and  Somervell  rules  worked 
well  at  Norfolk  and  they  have  been  used  over  the  North  Atlantic  alleg¬ 
edly  with  success. 

James  shows  [36]  a  relation  of  the  "clrrus/no  cirrus"  ratio  to  the 
idealized  300-mb  contour  wave  (ridge  and  trough),  the  ridge  having  the 
maximum  ratio  (Figure  19). 

4.1.5.  Vorticlty  Advectlon  at  300  mb.  French  and  Johannessen  [24] 
constructed  their  method  of  cirrus  forecasting  (see  paragraph  4.2)  on 
two  premises:  that  at  least  the  sheets  of  cirrostratus  are  produced 
by  large-scale  general  ascent  at  high  levels  (300  mb),  and  that  the 
relative  vertical-motion  field  at  such  levels  can  be  evaluated  in 
practice  with  the  vorticity  equation  and  equation  of  continuity.  The 
tropopause  is  assumed  to  be  a  reference  level  of  no  vertical  motion. 

The  favorable  region  for  high  clouds  would  thus  be  found  where  there  is 
positive  vorticity  advection  at  300  mb,  and  also  in  the  lower  strato¬ 
sphere  above  the  region  of  negative  300-mb  vorticity  advectlon.  (A 
model  of  the  vertical  motion  and  cirrus  distribution  around  a  Jet 
stream  can  be  derived  from  the  same  considerations  and  is  discussed  in 
paragraph  4.1.16.)  Using  some  cloud  reports  fro®  B-47  flights,  the 
frequencies  of  cloud  cover  above  25,000  feet  were  compared  statistical¬ 
ly  and  synoptieally  with  the  computed  300-mb  vorticity  advectlon  term. 

The  results  were  in  good  agreement  with  the  theory,  viz:  The  probabili¬ 
ty  of  overcast  high  cloud  shows  a  very  definite  increase  as  the  vortic¬ 
ity  advection  Increases.  Fourteen  percent  of  the  cases  of  high  cloud 
were  found  with  negative  vorticity  advection  and  85#  with  positive  vor¬ 
ticity  advection.  Areas  of  high  cloud  were  generally  centered  on  the 
areas  with  maximum  vor t lc i ty- advection  values. 

James  [36]  has  verified  French  and  Johannessen^  results  in  an 
analysis  of  the  cirrus  reports  from  British  MR  Flights  for  1952-54 
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(anvil  cirrus  cases  excluded)  He  found  77*  of  ”thlclc  clr™*” 
ported  was  in  areas  with  po„-  /e  300-nb  vorticity  advectlon;  66*  of 
the  cue.  of  "no  cirrus"  were  in  aieu  with  negative  vorticity  advec¬ 
tlon.  Bundgaard  (69)  also  obtains  a  verification  of  French  and  Johan- 
nessen's  method. 

(An  incidental  observation  of  French  and  Johannessen  is  possibly 
of  Interests  there  were  four  flights  on  which  areas  of  negative  abso¬ 
lute  vorticity  were  encountered  and  in  each  case  these  areas  contained 
overcast  high-cloud  decks.  The  interpretation  to  be  put  on  this  is  not 

clear. ) 

French  and  Johannessen' s  work  nay  be  looked  upon  as  providing  a 
Justification  or  rationale  for  Oayikian's  empirical  models  (paragraphs 

4.1.4  and  4.3).  ...  .  . 

4.1.6.  Prenaure  or  Height  Change  Aloft.  In  connection  with  hia 

attempt  to  Justify  the  division  between  "pure"  or  "convective"  cirrus 
and  cirrostratus,  Schwerdtfeger  [573  correlated  the  occurrence  cf  these 
two  types  with  the  sign  of  the  24-hour  height  change  of  the  500-rab 
surface  at  KBnigsberg.  He  found  a  slight  tendency  for  "pure  cirrus  to 
follow  more  often  a  preceding  24-hour  pressure  decease  aloft  and  for 
cirrostratus  to  follow  more  often  a  pressure  increase.  The  relation  Is 
somewhat  more  pronounced  for  the  cases  of  newly-formed  cirrus  only. 

(He  also  noted  incidentally,  that  the  appearance  of  cirrostratus  was 

followed  by  a  pressure  decrease. ) 

Appleman,  in  a  study  reported  more  fully  in  paragraph  4.5,  chose, 
as  one  of  the  predictors  for  an  objective  cirrus-forecasting  technique, 
the  24-hour  change  in  height  at  300- »b.  This  parameter  was  taken  as  a 
partial  measure  of  vertical  motion  at  cirrus  levels.  The  scattergrams 
Including  this  parameter  (see  paragraph  4.5)  did  not  show  any  consist¬ 
ent  predictive  relation  of  AH24  by  itself  to  cirrostratus  occurrence. 
However,  dH  seemed  to  have  some  predictive  value  when  combined  with 

other  parameters . 

4.1 .7.  Aloft.  The  temperature  limits  for  cirrus  for¬ 
mation  and  persistence  were  discussed  from  the  physical  standpoint  in 
paragraphs  2.2.1,  2.2.2,  and  2.2.10.  Data  on  temperatures  measured  in 
cirrus  clouds  indicate  occurrences  extending  over  the  theoretical  pos¬ 
sible  range;  but,  for  any  given  place  and  season  there  appears  to  be  a 
characteristic,  more  or  less  symmetric  distribution  having  a  maxieuss 
somewhere  between  -30®  and  -50*C. 
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Aufra.  Karape  (373  and  Weickmann  [65J  took  temperature  measurements 
at  bases  and  tops  of  cirrus  on  120  fine-weather  days  during  research 
flights  from  Alnring,  1939-42.  The  frequency  curves  (in  4*  steps)  for 
these  are  given  in  Figures  14  and  15.  The  cirrus-top  temperatures  are 
probably  mostly  controlled  by  the  tropopause  height  (see  paragraph 


TEMPERATURE  AT  SA3E  OP  CIRRUS  DECS;  (®C) 


Figure  14.  Frequency  Distribution  of  Tempera tures  at  bases 
of  Cirrus  Decks  Observed  in  Research  Flights  from  Ainring, 
Bavaria,  1939-42  (65].  Data  grouped  by  4*  Intervals. 


TEMPERATURE  AT  TOP  OP  CIRRUS  DECK  <*C) 


Figure  15.  Frequency  Distribution  of  Tem¬ 
peratures  at  Tods  of  Cirrus,  Alnring 
Flights  1939-42'  [653.  Data  grouped  by  4* 
intervals . 
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4.1.11).  On  the  other  hand,  the  wide  frequency  spectrum  for  the  base 
temperatures  is  not  so  easy  to  explain.  Weickmann  suggests  it  may  be 
indicative  of  the  great  range  in  the  critical  temperature  at  which 
freezing  nuclei  become  active.  The  greater  frequency  is  from  -31*  to 
-50 *C.  These  cases  probably  represent  mostly  young  cirrus  not  yet  de¬ 
scended  far  down  into  warmer  regions,  whereas  the  cases  from  -10*  to 
-30*C  are  either  old  cirrus  much  evaporated  after  long  descent  from 
higher  levels  or  water  clouds  converted  to  ice  by  colloidal  instability 
or  by  natural  "seeding." 

On  Project  Wiback  (United  States,  winter-spring  1951)  the  tempera¬ 
tures  recorded  at  cirrus-layer  bases  showed  a  maximum  frequency  at  -20* 
to  -25*C,  the  values  ranging  from  -15*  to  -55*C  [22);  some  of  these 
cases  are  obviously  too  warm  to  be  true  cirrus. 

Murgatroyd  and  Goldsmith  [45]  in  their  study  of  the  1949-52  HR 
Flights  from  South  Farnbo rough,  compiled  the  frequency  distribution  of 
temperatures  at  base  and  top  (Figures  16  and  17).  The  most  frequent 
base  temperatures  are  in  the  -40*  to  -46*C  range,  with  cases  spread 
from  -23*  to  -62*C.  The  tops  had  a  more  extended  double-maximum 
distribution  ranging  from  -29*  to  -?3*C,  though  very  few  cases  were 
warmer  than  -40*C,  which  is  the  critical  temperature  for  "spontaneous " 
cirrus  formation.  The  double-maximum  perhaps  reflects  the  effect 


Figure  16.  Frequency  Distribution  of  Temperature 
(  F)  at  the  Bases  of  Cirrus  Clouds  Observed  on  Brit¬ 
ish  HR  Plights,  South  Famborough,  1949-52  245]. 

Data  grouped  by  10*F  intervals. 
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Figure  17.  Frequency  Distribution  of  Temperature 
(*F)  at  the  Tops  of  Cirrus  Clouds  Observed  on  the 
British  MR  Flights,  1949-52  [45],  Data  grouped  by 
10*F  intervals. 

of  the  two  types  of  tropopause  —  polar  and  tropical. 

Several  investigators  have  considered  using  the  5CO-»b  tempera¬ 
tures  as  an  indicator  or  predictor  of  cirrus.  Kinachl  [38]  concluded 
from  a  very  small  sample  of  data  that  cirrus  would  not  occur  over  Japan 
unless  the  500-mb  temperature  fell  within  a  certain  range  having  a 
frequency  maximum  between  -18*  and  -29*C.  James  [36]  could  not  find 
any  verification  of  this  relation  in  the  British  MRF  1952-54  data;  also 
his  cirrus  data  occurred  with  a  rather  warmer  range  of  500-mb  tempera¬ 
tures  than  Kimachl's  rule  requires. 

Statistics  on  temperatures  at  "high-cloud"  bases  {^25,000  feet) 
observed  on  Project  Cloud  Trail  are  given  in  Appendix  A.  The  mean 
temperature  at  all  cloud  bases  reported  above  25,000  feet  (including 
some  middle  cloud)  was  »45.3*C  for  scattered  layer*  (.1-.5)  and  -43.6*0 
for  broken  or  overcast  layers  (.6-.  10).  The  mean  temperature  for  all 
the  Cloud  Trail  flights  was  -48,5*C.  There  was  an  average  difference 
of  about  l*-2*  between  northern  and  southern  (warmer)  cases  in  the 
United  States |  however,  the  median  values  show  a  greater  difference, 
as  the  distributions  are  somewhat  skewed.  Some  seasonal  variation  is 
evident  too.  There  were  some  oases  reported  down  to  the  neighborhood 
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of  -67*C,  and  some  cases 
not  true  cirrus.  Eliiain 

mean  values. 

Cl adman  [12]  associated  mean  temperatures  at 

n earn  cirrus-height  distributions  (see  paragraph  3 
.1.3.  Temperature  Change  Aloft.  Schwerdtfej 
aoimdinsts  and  cirrus  observations  of  three  German 


the  prevalence  of  temperature  falls  at 
ce  of  the  type;  Curves  IX,  III,  ei^  17 
d  *Cs"  +  "Ca  +  Cl,"  respectively,  Ihdl- 
levela  before  these  types  occur. 

;urea  as  supporting  his  theory  of  the 
!  between  *We"  or  "convective-  cirrus 
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and  cirrostratus  (see  paragraph  2.2.5) •  The  steepness  of  the  slope  of 
Curve  I,  he  says,  indicates  a  tendency  for  an  increased  lapse  rate 
aloft  owing  to  the  strong  wind  shear  (see  wind  profile  plotted  on 
Figure  1 8),  to  result  In  the  formation  of  the  shallow  convective  layers 
that  produce  "convective  cirrus."  The  warming  aloft  with  Cs  and  Ci  + 
0t>,  is  attributed  to  the  upglide  advance  of  warmer  air  that  causes 
cirrostratus.  This  sort  of  correlation  seems  reasonable  for  western 
Europe  but  might  not  be  expected  over  the  eastern  sides  of  the  conti¬ 
nents  . 

In  his  objective  cirrostratus-forecasting  study,  Appieman  (see 
paragraph  4.5)  included  the  24-hour  change  in  300- mb  temperature  as  one 
of  the  predictors.  Though  he  found  it  to  be  one  of  the  best  predictors 
of  those  tried,  the  results  were  anomalous  and  difficult  to  interpret. 
It  was  assumed  that  ATgjj,  (and  AHg^)  is  a  measure  of  effects  of  vertical 
motion  and  advection  and  should  be  a  universally  applicable  predictor. 
However,  its  association  with  cirrostratus  occurrence  varied  greatly 
with  season  and  locality.  There  was  in  general  a  tendency  for  cirro- 
stratus  to  be  more  frequent  with  negative  AT^  and  for  "no  cirrus"  with 
positive.  Yet  many  cirrostratus  cases  were  found  with  positive  hTg^. 

It  may  be  expected  that  such  exceptions  occur,  in  view  of  the  certain 
variable  amount  and  duration  of  cooling  required  before  cirrus  forms. 
Also,  the  300-mb  24-hour  change  at-  one  station  may  not  accurately 
measure  the  change t  in  the  individual  air  parcels  wherein  the  cloud 
forms. 

4.1,9.  Thickness.  Murgatroyd  and  Goldsmith  [45]  suggested  that 
the  500- 300-mb  thickness  might  be  used  In  cirrus  forecasting,  since 
they  noted  that  cold  pools  and  deep  troughs  on  the  500-  300-mb  thickness 
chart  are  often  accompanied  by  large  areas  of  high  cloud.  They  ob¬ 
served  from  the  1949-52  MRP  data  that  the  high  cloud  generally  occurs 
to  the  east  and  southeast  of  troughs,  often  with  warm  advection  in  the 
south  end  of  the  trough.  With  cold  pools  the  high  cloud  was  more  wide¬ 
spread.  Their  view  is  that  the  warm- front  cirrus  is  merely  a  special 
case  of  the  wana-advection  effect  in  the  500- 300-mb  layer*  Cold  adveo- 
tion  in  the  500- 300-mb  layer  appeared  to  be  associated  with  "no-high - 
cloud."  The  association  of  high  cloud  with  warn  advection  is  also  in¬ 
dicated  by  other  studies,  using  wind  shear  as  a  parameter  (see  para¬ 
graph  4.1.12). 

James  [36)  considered  the  relation  of  the  1000-500-mb  thickness 
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values  to  "cirrus"  and  "no-cirrus"  observed  on  the  1952-5*  MR  Pligi  fcs. 
The  mean  thermal  wind  for  cirrus  was  21  Jets  and  for  no-cirrus  16  kts. 
He  also  related  the  position  of  cirrus  in  the  100- 500- mb  thickness 
pattern,  by  computing  the  ratio  "Ci"/"no-Ci"  in  each  section  of  an 
idealized  trough-ridge  wave.  The  ratio  was  greatest  in  and  near  the 
thermal  ridge  and  least  around  the  trough  (see  Figure  15),  which  James 


Figure  19.  Ratios  of  Percentage  of  Number  of 
Observations  of  "Cirrus"  to  No-Cirrus  in  Re¬ 
lation  to:  A,  an  Assumed  Nave-Form  in  the 
Total  1000-500  mb  Thickness,  and  B,  ^  Relation 
to  the  300-ab  Contour  Pattern  [36).  Cloud  data 
from  British  MR  Flights  1952-5*. 
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thinks  is  indication  of  th©  association  of  cirrus  with  warm  ft1  ints > 
Correlating  the  observations  with  the  curvature  of  the  thickness  lines 
showed  a  tendency  for  cirrus  to  be  almost  equally  frequent  with  anti- 
cyclonic,  cyclonic,  and  straight  isotherms,  but  there  was  definitely 
less  of  "no-cirrus"  with  anticyclonic  than  with  cyclonic  and  straight 
Isotherms . 

4.1.10.  Thickness  Advection.  Hendrick  [31]  used  the  sign  of  the 
400-300 -mb  thickness  advection.  Judged  f^m  the  wind  shear  (see  para¬ 
graph  4.1.12),  as  a  parameter  in  his  cirrus- forecasting  method  (see 
paragraph  4.4).  This  parameter  was  chosen  au  a  measure  of  vertical 
motion.  It  was  preferred  for  this  purpose  to  the  horizontal  tempera¬ 
ture  advection  because  the  effect  of  the  latter  on  the  local  tempera¬ 
ture  change  is  more  or  less  compensated  by  the  vertical  me  cion.  The 
thickness  advection  combined  with  a  moisture  parameter  was  found  to  be 
correlated  reasonably  well  with  cirrus  va  no-cirrus.  It  appeared  that 
whereas  with  negative  thickness  advection  no-cirrus  is  much  more  fre¬ 
quent  than  cirrus,  with  positive  thickness  advection  cirrus  is  only 
slightly  more  likely  than  no-cirrus. 

4.1.11.  Tropopause .  Early  triangulated  cloud-height  data  [63]  re¬ 
vealed  that  cirrus  and  cirrostratus  mean  heights  parallel  the  tropopause 
mean  height,  being  higher  toward  the  equator,  lower  near  the  pole 
(Figure  20).  Until  recent  years,  it  has  been  generally  assumed  that 
the  tropopause  was  the  upper  limit  of  cirrus  occurrence .  Hie  experi¬ 
ences  of  high- flying-aircraft  pilots  have  confirmed  that  the  tops  of 
most  cirrus  are  at  or  below  the  tropopause,  rather  few  cases  having 
been  reported  within  the  lower  stratosphere.  Data  from  Project  Wiback 
(1951)  (Figure  21)  showed  this  clearly  [22]  [23].  A  larger  sample  is 
available  from  the  British  MR  Flights.  Murg&troyd  and  Goldsmith  [45] 

in  discussing  the  1943-52  flights  found  the  high  clouds  usually  ex¬ 
tended  to  or  near  the  lowest  tropopause  (Figure  22),  the  majority  to 
within  2000  feet  of  it.  A  few  cases  extended  into  the  stratosphere  a 
short  distance.  The  relationship  of  the  height  of  the  tropopause  to 
the  base  and  top  heights  and  thickness  of  the  cirrus  was  examined  (see 
Figure  23)  a  There  seemed  to  be  some  tendency  in  the  mean  for  the 
cirrus  not  to  extend  as  often  to  the  tropopause  when  the  latter  was 
very  high,  and  for  the  thickness  to  be  greater  under  high  tropopause s 
(an  effect  noted  also  in  the  Wiback  data).  As  an  explanation,  it  is 
suggested  that  the  greater  stability  under  high  than  under  low  tropo- 
pauses  often  limits  the  oirrus  development  in  the  former  case  to  some 
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Figure  20.  Variation  with  Latitude  of  Mean 
Cloud-Base  Heights  [from  International  Cloud 
Year (1896-97)  data]  and  Lower  Tropopauae 


Figure  21.  Heights  of  the  Tops  of  Cirrus 
Cloud  Layers  (observed  by  flights  of  Project 
Wiback,  winter-spring  1951)  in  Relation  to 
the  Average  Winter  Tropopause  Height  [22]. 
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or  emeus- clouo  ror  (thousands  or  ricTj 

Figure  22.  Frequency  Distribution  of  Dif¬ 
ference  Between  Tropopause  Height  and  Height 
of  Cirrus  Cloud  Top,  British  MR  Flights, 

South  Famborough,  19^9-52  l^5J  •  Data 
grouped  by  2000-ft  intervals. 

distance  below  the  tropopause.  Nevertheless,  even  the  highest  tropo- 
pauses  in  middle  latitudes  may  have  cirrus  and  in  the  equatorial  con¬ 
vergence  ssone  heavy  sheets  of  clrro stratus  prevail  Just  under  the  trop¬ 
opause  most  of  the  time  [id]. 

James  [36],  analysing  the  1952-51*  British  MR  Flights,  found  simi¬ 
lar  relations  of  cirrus  to  tropopause  as  Murgatroyd  and  Goldsmith,  with 
a  somewhat  greater  average  distance  of  tops  and  bases  below  the 
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1949-52  [45]. 

tropopauae  and  with  somewhat  more  (30)  cases  within  the  atratoaphere 

(ace  Figures  2k  and  25.  and  paragraph  3.1.3)-  _ 

French  and  Johanneeeen  (2*1,  ualng  clrroatratua  observations  from 

some  B-*7  flights  over  United  States  and  adjacent  Atlantic  during 
January-February  1953  derived  the  following  results  on  neight  of  Jloud 
top  in  relation  to  the  tropop.ua.  (data  Included  only  broken  and  over- 
««w»a*fcratua  decks  extending  for  100  ailes  or  mere): 
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Figure  24.  Distribution  of  Dis 
tances  of  Cirrus  Tops  frow  the 
Tropo pause,  British  MR  Flights, 
1952-51*  1 363  *  Data  grouped  by 
2000- ft  Intervals. 


Figure  25.  Distribution  of 
Distances  of  Cirrus  Bases  from 
the  Tropopause,  British  MR 
Flights,  1952-54  [363,  Data 
grouped  by  2000- ft  Intervals. 
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-  - -  '  -  No.  of  100 

Height  Difference:  Cloud  Top  —  Tropopauae  Mi.  of  Cloud 

("*ol»gK>  Tropopeua*  (29.000-39,000 feet) : 

More  than  2000  ft  above  tropopauae  (3000  ft)  J 

2000  ft  above  to  2000  ft  below  tropopauae  * 

2000  ft  below  to  3000  ft  below 
More  than  5000  ft  below 

Tropical  Tropopauae  (47<OQ0^5<000.£3£*)i 
Prom  15,000  ft  below  to  19,000  ft  below 

19,000  ft  to  25,000  ft  below  — 

05 

Total: 

%•  liwxirtant  conclusion  fro.  this  flats  Is  that  acst  of  tha  «t«"fflj'g 
olrroatratus  has  Its  top  Just  undsr  or  at  the  "polar"  or  extratropicsl 
tropopausa.  This  fact  should  ha  a  valuable  forecasting  guide  for 
alddla  latitudes,  over  north  taerlea  at  laast.  *s  a 
slve  olrroatratus  tops  should  not  be  espected  to  reach  to  the  tropical 
tropopausa  outside  the  tropica  (saa  paragraph  3-5);  and  south  of  the 
“tropopausa  break"  between  polar  and  tropical  tropopeuses.  the  top  of 
the  extensive  olrroatratus  -111  reach  onl,  to  about  the  height  of  the 
polar  tropopauae  present  to  tha  north.  However,  patch,  cirrus  as,  be 
found  closer  to  the  tropical  tropopauae  and  oven  In  the  lower  strato- 

°Ph*”io*wn  tia]  found  verification  of  French  end  Johanaessen's 
eulte  in  the  ItClF  flight  data  on  cirrus  over  southern  Canada:  (see 
paragraph  3.1»6) 


Season 

Ht.  of  Max 
Occurrence 

%  of  Mean 
Thickness 

Mean  Ht. 
of  Tops 

M*" 

Mean 

Tropopauae 

Height 

Difference: 
Tropopauae  Ht. 
Minus 

Cirrus-Top  Ht. 

Want  Months 

Intermediate 

Months 

Cold  Months 

Average 

30,000  ft 

28,800 

27,000 

28,900 

3,400  ft 

3.100 

3.000 

3.200 

34,200  ft 

31.900 

30,000 

32,000 

36,200  ft 

33,100 

31,500 

33,600 

2,000  ft 

1,200 

1,500 

1,600 
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A  study  by  Endlich  and  McLean  [80]  [71],  on  data  from  Project  Jet 
Stream,  contains  diagrams  shoving  the  distribution  of  all  high-cloud 
reports  around  a  model  cross-section  of  the  jet  stream.  The  greatest 
frequency  of  high  cloud  was  about  5000  feet  below  the  polar  tropopause, 
but  at  15,000  feet  below  the  tropical  tropopause,  Pine  Cl  usually 
occurred  about  50C0  feet  closer  to  the  polar  tropopause  level  than  Cs. 
Very  little  cloud  was  reported  between  the  tropical  tropopause  and  the 
level  of  maximum  wind.  Just  above  the  polar  tropopause  a  considerable 
percentage  frequency  (up  to  16#)  of  cirrus  (both  extensive  and  patchy) 
is  indicated.  The  data  seem  to  suggest  that  very  little  or  none  of 
this  cirrus  extends  above  the  level  of  the  maximum  wind  (jet-core) 3 
however,  very  few  flights  were  made  in  that  region  so  no  definite  con¬ 
clusion  can  be  drawn. 

4.1.11.1.  Cirrus  in  the  Stratosphere.  She  few  cases  of  cirrus 
reported  within  the  stratosphere  are  of  special  interest  because  they 
seem  to  contradict  the  general  rule.  Some  of  these  cases  are  ones 
which  have  tops  above  the  tropopause  but  bases  below  it,  and  others  are 
entirely  within  the  stratosphere.  On  theoretioal  grounds  cirrus  is 
quite  possible  anywhere  in  the  stratosphere  where  there  is  enough  mois¬ 
ture.  Since  the  humidity  generally  decreases  with  height  above  the 
tropopause  17]  [8]  [17]  [46],  it  is  not  surprising  that  little  cirrus 
occurs  there.  Just  above  a  tropopause  which  has  recently  formed  at  a 
relatively  low  level  so  that  former  troposphere  air  has  been  incorpo¬ 
rated  into  the  lower  stratosphere,  conditions  should  at  least  occasion¬ 
ally  be  favorable  for  cirrus.  The  region  between  the  polar  and  tropi¬ 
cal  tropopause s  over  raid- latitudes  but  north  of  the  Jet-stream  core  is 
probably  the  locus  of  most  of  such  cirrus.  Several  reports  of  very 
high  "cirrus"  in  aid-latitudes  were  proven  to  be  observations  of  dust 
clouds  from  volcanic  eruptions  [353.  The  stratospheric  cirrus  is 
usually  thin,  but  can  be  thick  and  rather  extensive,  as  in  some  cases 
observed  over  England  during  the  summer  [4]  [21]  [29].  A  widespread 
marked  lifting  of  the  tropopause  region  and  high  frost-points  explain 
the  case  of  August  9- 10,  1951  [21].  Some  of  Project  Jet  Stream  oases 
of  cirrus  above  the  tropopause  were  overcast  or  broken  decks  [71]. 

James  [36],  applying  French  and  Joiumneaoen's  theory  (see  paragraph 
4.2),  suggests  that  the  cirrus  in  the  lower  stratosphere  occurs  above 
the  region  with  negative  vorticity  advectlon  at  300  mb;  this  implies 
convergence,  which  gives  downward  motion  at  300  mb  in  the  troposphere 
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and  upward  notion  in  the  stratosphere.  Ho  reports  of  cirrus  in  the 
stratosphere  over  the  equator  or  the  polar  regions  are  yet  at  hand  — 
the  general  stratospheric  subsidence  in  high  latitudes,  the  strong  con¬ 
vective  tropopause  of  the  tropics,  and  the  subsidence  over  the  equator¬ 
ial  tropopause  would  sees  to  be  unfavorable  for  injection  of  moisture 
into  and  hence  cirrus  formation  in  the  stratosphere  of  these  regions. 

4.1.12.  Wind  Shear.  The  vertical  wlndshear  has  been  used  as  a 
cirrus  forecasting  parameter  by  several  investigators.  They  chose  the 
shear  as  a  convenient  measure  of  vertical  motion  or  of  thermal-  and 
molsture-advectlon  aloft.  Sohwerdtfeger  [57],  In  a  very  primitive  way, 
thought  of  the  increase  in  wind  speed  with  height  as  an  indication  of 
the  existence  of  the  "advoetlon  of  cold  air"  aloft  which  he  postulated 
as  the  cause  of  "convective  cirrus"  (see  paragraphs  2.2.5  and  4.1.8). 
This  assumption,  of  course,  requires  geostrophic  departures  and  other 
conditions,  which  are  generally  admitted  to  occur  often  enough. 

Fletcher  and  Sartor  [22]  [23]  found  a  positive  correlation  between 
cirrus  occurrence  and  simultaneous  veering  with  height  (ware-air  advec- 
tlon)  of  the  geostrophic  wind  from  700  to  300  mb.  They  suggested  using 
this  shear  as  a  forecast  aid.  The  cirrus- favorable  regions  would  be 
found  by  placing  the  300-mb  over  the  700-stb  chart  and  shading  the  areas 
having  crossings  of  700-mb  contours  in  the  direction  of  increasing 
700-ab  heights.  Areas  with  opposite  kind  of  crossings  are  to  be  con¬ 
sidered  cirrus-unfavorable  regions.  This  procedure  could  be  applied  to 
prognostic  charts  ss  well  as  current  ones.  The  method  was  tested  on  10 
sets  of  dally  charts  (6-15  December  1948,  15002),  The  percentage  of 
r  tat  ions  reporting  clear  skies  at  18302  was  oosputed  for  different  shear 
conditions,  eliminating  oases  when  lower  or  middle  cloud  was  reported: 

veering  wind  8. 2$ 

indefinite  shear  16.8$ 
backing  wind  35*8$ 

Cirrus  was  thus  present  (when  not  obscured)  in  91.8$  of  the  veering, 
64.2$  of  the  backing,  and  83.2$  of  the  indefinite  conditions.  However, 
in  an  unpublished  teat  by  Appleman  on  September  data  in  which  the 
presence  of  cirrus  was  correlated  with  shears  of  actual  winds,  no  sig¬ 
nificant  relations  were  found.  Perhaps  this  was  because  thunders  tore 
cirrus,  which  is  presumably  unrelated  to  shear,  was  common  at  this 
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there  it  a  procedure  for  forecasting  the  cirrus  heights  baaed  on  the 
hypothesis  that  the  top  and  base  and  thickneau  of  "adveotive  cirrus” 
have  a  close  relation  to  the  vertical  wind  shear.  This  was  a  subjec¬ 
tive  impression  of  the  author  and  has  not  been  tested  statistically. 

He  thinks  the  base  is  generally  located  where  the  wind  profile  starts 
marked  increase  in  steepness  and  that  the  top  is  around  tha  wind  Maxi¬ 
mum.  The  type  of  profile  having  s  pronounced  wind  maxima  with  strong 
shears  is  supposed  to  go  with  more  and  denser  cirrus,  a  broad  Multi- 
maximum  profile  to  have  several  layers  of  thin  cirrus,  and  a  flat  pro¬ 
file  probably  no  or  very  thin  cirrus.  It  is  difficult  to  apply  these 
"rules”  to  the  many  profiles  seen  from  QMD-1A  soundings  having  numerous 
pronounced  maxima  and  minima. 

It  would  be  of  value  to  test  these  ideas  objectively.  However, 
any  apparent  association  with  the  wind  profile  is  probably  Incidental 
to  the  more  direct  correlations  between  cirrus  and  other  parameters 
which  are  in  turn  related  in  some  way  to  the  wind  profile. 

James  [36]  attempted  to  test  the  ides  of  Fletcher  and  Sartor  (22) 
on  the  relation  of  the  shear  to  cirrus  ( jee  above).  The  number  of 
occasions  on  the  1952-5*  MR  Flights  on  which  warn  or  cold  advection  or 
neither  were  found  with  "cirrus”  and  with  "no-cirrus”  were  tabulated 
separately  for  the  500-400,  400-300,  300-200,  and  500-300-mb  layers. 
(Cases  with  lass  than  5*  or  5  knots  change  were  classified  as  "nei¬ 
ther.”)  Stratospheric  cirrus  was  excluded.  The  results  confirmed,  for 
each  of  the  layers,  the  greater  probability  of  cirrus  with  warm  advec¬ 
tion  than  with  cold  advection,  and  of  no- cirrus  with  cold  advection 
than  with  warm  advection.  (In  the  "neither”  oases  cirrus  occurred 
twice  as  often  as  no-cirrus.)  The  layer  500-300  Mb  gave  the  best  cor¬ 
relation! 


Humber  of  Cases 

Harm 

Cold 

Neither 

cirrus 

70 

37 

35 

no-cirrus 

23 

30 

14 

The  use  of  wind  shear  as  a  parameter  should  give  similar  results 
as  the  use  of  the  thermal  wind  or  thickness  advection  (see  paragraphs 
4.1  10  and  4.1.11).  In  fact,  Hendrick's  method  of  cirrus  forecasting 
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(see  paragraph  4.4)  adopts  ths  wind  shaar  as  an  indicator  of  the  sign 
of  ths  400-300-isb  thickness  adveefcion. 

4.1.13.  Lapse  Rats.  An  AAP  forecaster  at  Alamogordo,  New  Mexico 
UJ  in  1943  devised  an  empirical  cirrus  forecasting  rule,  stated  as 
follows:  "Cirrus  clouds  will  font  over  this  station  In  ti»  layer  be¬ 
tween  10,000  feet  and  10  km  when  the  difference  In  potential  tespere- 
ture  (Ad)  between  these  two  levels  is  less  than  -14*C.  Charts  of  the 
whole  United  States  showed  similar  results  hut  the  extrapolation  of  the 
areas  formed  by  isollnes  of  Ad  values  was  far  from  successful.  For 
periods  of  6  to  12  hours,  this  rule  can  be  used  with  a  fair  degree  of 
confidence."  No  recent  test  of  this  is  available. 

Kiznachl  [38]  suggested  that  steep  lapse  rates  of  temperature 
(0,2  -  0.4 *0/100*3)  might  be  Important  In  cirrus  formation,  but  his 
limited  data  Is  not  very  convincing.  Schwerdtfeger  (57)  had  considered 
the  theoretical  amount  cf  temperature  change  required  to  make  the  pre¬ 
vailing  lapse  rates  at  cirrus  levels  unstable  through  advectlon,  mix¬ 
ing,  lifting,  etc.  In  his  study  of  the  conditions  required  for  the 
mixing  of  air  masses  at  an  upglide  front  through  release  of  latent  In¬ 
stability,  he  notes  a  certain  difference  between  ice- saturation  and 
dry-adiabatic  equilibrium  lapse  rates  must  be  present.  At  high  levels 
this  difference  is  often  Insufficient,  which  is  a  difficulty  with  part 
of  Schwerdtfeger1 s  theory  for  clrrostratus  formation.  For  ths  "pure" 
or  "convective"  cirrus,  however,  there  Is  usually  needed  only  a  small 
differential  cooling  to  make  a  shallow  layer  unstable  at  Cl  levels. 
Following  Schwerdtfeger ' s  reasoning, certain  lapse  rates  should  be  more 
favorable  for  cirrus  formation,  though  It  Is  not  clear  how  these  can  be 
determined  except  from  much  more  accurate  soundings  than  yet  available. 
James  [36]  could  not  find  any  significant  difference  of  lapse  rate  be¬ 
tween  cirrus  and  no-cirrus  situations  in  the  1952-54  MR  Flights. 

Appleman  tried  the  temperature  difference  between  500  and  300  mb 
(T^-T^)  as  a  predictor  In  his  objective  clrrostratus  forecasting  study 
(see  paragraph  4.5).  For  most  stations  and  seasons  some  predictive 
value  was  found  when  this  parameter  was  combined  with  others.  However, 
there  did  not  seem  to  be  any  given  range  of  T^-T^  which  either  locally 
or  universally  distinguished  cirrus  from  no- cirrus;  the  frequency 
spectra  of  valuer  for  cirrus  and  no- cirrus  varied  considerably  in 

shape  and  modal  value  from  station  to  station  and  season  to  season. 

Krebs  and  Doege  [39]  attempted  to  forecast  cirrus  occurrence  and 
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heights  over  Oemany  on  the  heals  of  an  Ides  suggested  by  Sehw.rdtfe- 

ZnSlZZ, lZh,  th“  ’,PU”  °trrUi"  1,y*"  “hould  »•  seaoolatad 

with  layers  having  relatively- steeper  lapse-rate  than  above  or  bale* 

Ile8tM°b  thf0^  th*‘  PU°t5  “e"d  t0  flnd  eirTua  clo“d*  »*>•»  pre- 
“'1^  hypothsele  they  collected  pilot  reports  to  analyse  the 

'  f  ,!  83  Pll0t  r*pirts  b*  USAra  J«‘  flights  pene¬ 

trating  clouds  above  18,000  feet  over  Oen»ny  and  adjacent  regions, 

they  selected  8*  reports  vhlch  gave  data  on  the  heights.  These  case. 

covered  37  out  of  the  59  days  in  the  December  195*  -  February  1955 

ZiVT  PUOt!  "p0rted  cllTU«-  «  «»  not  reported  by  the  pilots 

1V  LT  “?  T**  0t  "*”•  r"e  »“«»»  «>*p.md  these 

laole  ™tl  \  radiosondes  (mostly  Klthln  6  hours),  tabulating  the 
iapte  rates  associated  Kith  the  reported  cirrus  layers.  The  results 
were  grouped  as  follows: 

.t  *’  JT  ”pcrt*'  39  aoundlngs )  the  lapse-rate  changes  near  or 

*  tottom  and  top  of  the  cirrus  sere  all  Klthln  the  troposphere  and 
oun  ed  by  lapse-rate  changes  as  predicted  by  the  Korklng  hypothesis. 

In  33  cases  the  top  Has  not  Identical  Kith  the  tropopause. 

II.  (9  reports,  5  soundings)  there  Has  a  relatlvely-steep 
laps,  beginning  somewhere  In  the  alddle-cloud  levels,  and  a  warning 
o  the  lapse  somewhere  in  the  upper  troposphere. 

III.  (11  reports,  7  soundings)  no  noticeable  lapse-rat* 
changes  in  cirrus  levels. 

and  "Vrrr  0f  <SlfferwcM  b*t—n  *»lght  of  clrrua  basas 

the  height  of  the  loser  change  of  lap.e-r.te,  end  batmen  the  mem. 

tOPO  “d  hei8ht  °f  “*  upp,r  0h8n8*  ^  lapae-rete,  was  .. 


_  Tops 

Height  Difference  No.  of  Cases 

-*,000  1 

-3,000  1 

-2,000  q 

-1,000  6 

0  (±900  ft)  15 

+1,000  i 

+2,000  4 

+3,000  1 


Tops 

Height  Difference  No.  of  Cases 

+*,000  |  6 

+5,000  2 

+6,000  i 

+7*000  0 

+8,000  0 

+9,000  2 

+10,000 

+11,000 


6* 


f 
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Bases 

Bases 

j  Height  difference 

Ho.  of  Cases 

Height  Difference 

No.  of  Cases 

-9,000 

1 

0  (±900  ft) 

9 

-8,000 

0 

+1,000 

2 

-7,000 

0 

+2,000 

3 

-6,000 

-5,000 

0 

1 

+3,000 

+4*000 

3 

1 

-4,000 

0 

45,000 

2 

-3,000 

5 

46,000 

0 

-2,000 

3 

+7,000 

+8,000 

0 

-1,000 

8 

- - - J 

0 

The  authors'  conclusion  that  the  above  results  aalce  their  hypothe¬ 
sis  seen  probably  true  Is  not  fully  justified  because  they  have  not 
shown  how  frequently  the  various  lapse-rate  changes  occur  without  cir¬ 
rus  being  associated. 

The  authors  also  tabulated  the  values  of  the  lapse  rates  found  In 
cirrus  (55  cases;  If  several  different  lapses  In  the  cloud,  each  was 
counted) : 


Lapse 

Frequency  (No.  cases)  1 

>0.95*0/100* 

3 

>0.85  -  0.95 

24 

>0.75  -  0.85 

20 

>0.65  -  0.75 

4 

>0.55  -  0.65 

3 

>0.45  -  0.55 

0 

>0.35  -  0.45 

0 

>0.25  -  0.35 

_  1 

TOTAL 

55  | 

The  same  data  were  recomputed  in  terms  of  departure  of  the  lapse  fro* 
wet-adlabatic,  and  grouped  according  to  change  frost  the  preceding 
sounding: 


65 


Number  of  Cases 


No  Change 
Compared  to 
Previous 
Sounding 


Weakening 
Compared  to 
Previous 
Sounding 


Steepening 
Compared  to 
Previous 
Sounding 


Departure  Prom 
Vet  Adiabatic 
•C/lOOm 


Total 


0  or  Negative 
>0.00  -  <0.10 
0.10  -  <0.20 
0.20  -  <0.30 
0.30  -  <0.40 
0.60  -  <0.70 


TOTAL 


Of  the  nine  lapse  rates  with  conditional  instability*  only  two 
could  be  defined  as  dry  adiabatic  lapse  rates*  a  fact  which  the  authors 
claim  disproves  Schweidtfeger'S  hypothesis.  They  argue  that  if  lifting 
causes  cirrus,  then  it  is  only  to  be  expected  that  the  lapse  rates  in 
the  lifted  layer  be  steeper  than  in  the  layers  Just  above  and  below,  but 
not  necessarily  unstable,  which  is  what  the  Table  shows.  Nor  does  the 
Table  support  the  idea  that  any  particular  initial  lapse  rate  favors 
cirrus  formation. 

Unfortunately,  no  particular  forecasting  conclusions  can  be  drawn 
from  the  above  statistics  since  we  do  not  know  the  overall  frequencies 
of  these  lapse  rates  and  thslr  time  changes  regardless  of  cloud  -  it 
could  well  be  that  their  distribution  is  similar  with  and  without 
cirrus,  in  which  esse  they  would  not  support  either  the  Schwerdtfeger 
or  Kreba-Boege  hypotheses,  and  no  cirrus- forecasting  value  in  the  lapse 
rate  would  be  indicated.  On  the  other  hand,  the  figures  dc  not  rule 
out  the  hypotheses,  except  to  the  extent  that  lumping  together  of  ths 
"pure"  cirrus  and  cirrostratus  cases  is  Inconsistent  with  Sehwerdtf eger * n 
original  hypothesis  on  cirrus  formation.  Krebs  and  Boege's  discussion 
of  these  data  is  somewhat  confused  and  illogical,  but  it  would  be 
worthwhile  to  investigate  the  lapse-rate  hypothesis  further.  H.  Apple- 
man,  at  Headquarters,  2d  Air  Weather  Wing,  suggssts  that  use  of  the 
Kxefea-Boeg's  procedure  as  a  means  for  estimating  the  height  of  bases  of 
observed  cirrus  would  givs  results  as  good  as  the  use  of  the  oontmil 
curve  (see  paragraph  3.1.7) • 
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4.1.14.  vertical  Motion.  This  parameter,  which  would  •*«*  to  be, 
along  with  htmidity,  the  aoat  directly  related  to  clrrua  of  all,  is 
unfortunately  not  yet  accessible  to  satisfactory  evaluation  In  practice. 
The  analyses  of  large-scale  vertical-motion  charts  by  the  procedures 
developed  at  Mew  York  Onlversity  In  1945-46  and  recently  by  MfP  Methods 
indicate  only  a  rough  correspondence  of  areas  of  rising  air  with  pre¬ 
cipitation  [20].  The  approximations  and  smoothing  Inevitable  in  such 
procedures  aay  mask  some  of  the  expected  correlation,  but  it  seesss  aore 
likely  that  the  instantaneous  field  of  wean  vertical  action  would  not 
prove  to  be  as  good  an  indicator  of  upper  clouds  as  the  amount  of  ver¬ 
tical  displacement  over  a  period  of  tiae.  Indirect  methods  of  evaluat¬ 
ing  the  effects  of  vertical  aotion  for  clrrua  forecasting  are  discussed 
in  paragraphs  4.1.5,  4.1.7,  4.1.10,  4.1*12,  and  4.1.16. 

4.1-15-  Hiwldlty.  Lack  of  suitable  equipment  has  prevented  accu¬ 
rate  routine  measurements  of  humidity  In  high-level  soundings.  Several 
equipments  of  experimental  or  research  nature  have  been  used  In.  recent 
years  to  obtain  a  few  useful  humidity  soundings  in  the  cirrus  region. 
Aufa.  Fnnpe  [37]  and  Weickaann  [65]  were  the  first  to  develop  explicit¬ 
ly  t! ha  hypothesis  that  the  cirrus  ice-crystals  for*  only  through  satura¬ 
tion  with  respect  to  water  In  atmospheres  with  ice-superoatumtion  and 
that  the  cirrus  clouds  and  contrails  persist  only  in  regions  near  ice- 
saturation.  Proa  their  flights  froa  Ainring  (1939-42)  they  computed 
mi  humidities  under  contrail  conditions,  which  indicated  qualitative¬ 
ly  that  the  above  hypothesis  is  correct.  They  concluded  that  in  old 
cirrus  clouds  ice-saturation  prevails,  whereas  in  newly- forming  cirrus 
Ice-sups  restoration  prevail*.  Aufts.  !***>•  mentioned  that  usually  a 
rapid  decrease  in  humidity  seems  to  occur  above  the  tropopnuae,  which 
would  explain  the  rarity  of  cirrus  in  the  stratosphere. 

Qluckauf  found  ice-supersaturated  humidities  (up  to  l6a£)  in  10 
out  of  the  36  daily  balloon  soundings  in  Ingland  [28]  which  he  evalu¬ 
ated  by  a  special  technique. 

Or,  the  British  KR  Flights  a  Dobson-Brewcr  frost-point  hygrometer 
haa  been  regularly  operated  [36]  [73  [8]  [58]  [59]  [46].  The  readings 
were  wjeuaiiy  and  the  rapid  micro- fluctuations  of  frost  point 

(often  5*-10*P  in  less  than  a  mils)  thus  smoothed  out.  In  or  near 
cirrus  the  readings  were  more  often  than  not  unsaturated  with  respect 
TZ.  «S  h«l<Utjr  (3*  fro»t-polnt 

slon  below  loe  saturation)  [45] 1  only  38  out  of  86  cases  were  ioe 
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saturated  or  supersaturated.  This  is  not  inconsistent  with  aufm.  Kampe 
and  Weiekmann's  prediction  [37]  [653  that  the  cirrus  could  persist  a 
while  after  falling  into  relatively  moist  but  unsaturated  air.  Some¬ 
times,  however,  cirrus  seemed  to  persist  even  at  readings  of  6o£  — 
perhaps  because  there  were  locally-saturated  areas  missed  by  th©  Instru¬ 
ment.  Nevertheless,  such  large  frost-point  depressions  suggest  that  a 
system? lie  error  of  several  degrees  in  the  instrument  is  also  likely 
[45],  Sven  when  cirrus  was  reported  "in  the  distance"  there  was  usual¬ 
ly  a  relatively  moist  layer  (frost-point  depressions  up  to  15*  or  20*P) 
passed  through  by  the  aircraft  at  the  same  height.  Murgatroyd  and 
Ooldsmith  [45]  suggest  that  a  network  of  humidity  soundings  would  give 
valuable  information  for  predicting  high  cloud.  They  tabulated  the 
height  of  tops  and  bases  of  these  moist  layers  relative  to  the  tropo- 
pause  (Figure  26).  The  distribution  is  remarkably  similar  to  that  of 


Of  MIO  AND  TOf  1  Of  MOIST  LATINS  (THOUSANDS  Of  SHY) 


Figure  26.  Heights  of  Bases  and  Tops  of  the 
Moist  Layer"  Versus  Tropoptuse  Height,  Brit¬ 
ish  MR  Flights,  South  Faraboroufth,  1949-52 
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the  cirrus  bases  and  tops  (cf.  Figure  23).  It  la  Interesting  to  note 
that  in  both  distributions  It  was  the  region  around  32,000- *0,000  feet 
where  most  cases  of  tops  In  the  stratosphere  occurred  (see  paragraph 

4.1.12). 

A  suswary  of  tbs  frost-point  (F.P.)  soundings  from  KR  Flights  by 
Bannon  et  al  (14)  [46J  [54)  [7)  18)  shoes  a  general  slow  decrease  In 
tempo rature-frost-poiont  depression  with  height,  with  a  «lnl*ua  depres¬ 
sion  (maximum  of  relative  humidity  with  respect  to  ice)  near  the  tropo- 
pause  and  a  more  rapid  Increase  in  depression  above  the  tropopause.  A 
sharp  change  in  lapse  rate  of  frost  point  sometimes  occurs  at  the  tro- 
popause  but  is  always  confined  to  a  shallow  layer;  this  probably  occurs 
in  the  area  of  subsidence  above  a  tropospheric  low.  Air  at  the  level 
of  the  jet- stream  core  and  within  several  hundred  miles  is  usually 
nsarer  saturation  than  at  lower  and  higher  levels.  The  moisture  (i.e., 
relative-humidity)  maximum  is  generally  reached  around  the  tropopause 
on  the  cold  side  of  the  jet,  but  somewhat  below  the  tropopause  on  the 
warm  side.  Some  cases  of  steadily-decreasing  relative  humidity  through 
the  troposphere  are  also  found.  There  are  often  large  changes  in  frost- 
point  depression  through  frontal  surfaces.  Murray  [47)  found  the  frost 
point  averaged  lower  and  the  frost-point  depression  higher  on  the  low- 
pressure  aids  than  on  the  high-pressure  side  of  the  jet-stream  axis; 
this  is  consistent  with  the  cloud  distributions  (see  paragraph  *»l.l6). 

Some  soundings  made  with  a  sensitive  electronic  dew-point  hygrom¬ 
eter  developed  by  Barrett  et  al  [5)  16)  give  a  good  idea  of  the  prob¬ 
able  fine-structure  in  humidity  distribution  with  height.  Thera  are 
many  shallow  layers  of  high  humidity  between  dry  layers  (17).  Thie 

would  account  for  the  multi- layered  cirrus. 

In  the  absence  of  humidity  measurements  at  cirrus  levels,  soma  in¬ 
direct  relations  may  be  useful  [22).  James  (36)  found  the  depression 
of  dew  point  st  500,  450,  and  400  mb  was  about  8*F  (4.4*C)  greater  with 
no-cirrus  than  with  cirrus.  If  the  cases  whan  daw-point  depressions 
ware  simultaneously  lower  at  all  three  levels  than  the  mean  depressions 
for  "cirrus,"  and  the  cases  where  t'm  depressions  were  all  greater  then 
the  mean  for  "no-cirrus,"  had  been  forecast  by  these  criteria,  the  ac¬ 
curacy  wc-ld  have  been  84jJ  and  000  respectively.  In  this  connection  it 
is  of  interest  that  Bannon  [7)  18)  found  a  correlation  of  .80  between 
temperature  at  500  mb  end  frost  point  st  300  mb,  end  of  .82  between 
m  ^  «»  .  Hendrick  [31)  usee  an  index  of  "moisture  above  400  mb" 

500  «50 
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aa  a  parameter  In  his  cirrus -forecasting  method  (see  paragraph  4,4), 
Any  reported  humidity  in  the  radiosonde  ascent  above  400  mb  is  taken 
as  the  Indicator  of  "moisture  present"  and  no  reported  humidity  m 
"no  moisture  present. "  This  is  admittedly  a  very  crude  procedure, 
but  nevertheless  contributes  some  predictive  value  to  Hendrick's 
method. 

There  are  possibilities  of  improved  forecasting  through  greater 
use  of  the  humidity  indications  of  some  present  radiosonde  models 
(such  as  the  AN/AMT-4  and  those  equipped  with  goldbeaters  skin  or 
Falckenburg  hair  elements)  which  respond  to  large  changes  in  humidity 
at  temperatures  even  to  well  below  -60*0,  though  the  magnitude  of  the 
humidity  cannot  be  evaluated.  When  the  lapse  rates  of  Measured  dew 
points  at  high  levels  are  examined  carefully,  sudden  changes  in  slope 
often  coincide  with  observed  oloud  layers  (of.  paragraph  4.1.13).  Use 
of  such  indications  cannot  be  made  in  the  field  unless  or  until  the 
transmitted  dew  points  or  some  index  of  them  include  the  yi—  heights 
to  which  any  humidity  is  observsd. 

A  preliminary  examination  of  the  humidity  traces  on  the  radiosonde 
records  for  some  of  the  ascents  made  during  Project  Cloud  Trail  gives 
strong  indication  that  wherever  the  humidity  trace  at  high  levels  up  to 
the  tropopause  increases  above  the  minimum  ordinate  value,  a  clrruq 
layer  la  usually  reported}  and  vice  verrt,  that  most  aircraft -observed 
cirrus  layers  over  1000  feet  thick  are  associated  with  such  an  indica¬ 
tion  of  increased  humidity.  If  the  heights  of  such  "moist  layers"  re¬ 
vealed  by  the  soundings  above  25*000  feet  were  transmitted,  forecasters 
might  be  able  to  delimit  the  spatial  extent  of  the  moist  regions  and 
relate  them  to  the  vertical -motion  or  wind  field  in  such  a  way  that. 

a)  presence  of  cirrus  layers  obscured  by  lower  clouds  could  be  Inferred, 

b)  the  future  location  of  moist  regions  could  be  predicted  and  used  to 
refine  cirrus  forecasts  from  the  vertical-motion  (vortieity)  field. 

Jet  stream.  Sawyer  and  Xlett  [54]  undertook  an  investiga¬ 
tion  to  determine  whether  the  middle-  and  high-cloud  distribution  has  a 
recognizable  pattern  with  respect  to  the  Jet  stream.  It  was  thought 
that  such  a  pattern  would  be  an  aid  in  analysis  and  forecasting  of  both 
the  clouds  and  the  Jet  stream  when  upper-air  observations  are  faw,  ary* 
might  permit  an  aircraft  navigator  to  determine  his  location  with  re- 
apeot  to  the  Jet  stream  merely  by  watching  the  clouds.  Prom  upper-air 
charts  of  1949  over  the  British  Isles  the  cloud  observations  from  the 
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ground  were  tabulated  according  to  their  position  In  relation  to  the 
Jet  stream.  Cases  with  4  octas  or  more  of  low  cloud  were  omitted;  If 
the  low  clouds  were  less  than  %  octas  and  no  cirrus  reported,  none  was 
assumed  to  be  present.  The  area  around  the  jet  was  divided  Into  eight 
sectors  (Figure  27)  for  which  tabulations  were  separately  made.  The 
results  showed  cirrus  of  4  octas  or  more  was  considerably  more  frequent 
to  the  right  of  the  axis  of  the  Jet  stream  (sectors  CDQH)  than  to  the 
left  (sectors  AESF) .  "Frontal"  and  "layer"  types  of  cirrus  and  medium 
cloud  were  more  common  to  the  right,  and  the  "anvil"  cirrus  and  cirro- 
cumulus  to  the  left.  The  observations  were  mainly  typical  of  the 
middle  region  of  the  jet,  and  there  was  little  difference  longitudinal¬ 
ly  (though  few  observations  were  made  near  entrance  and  exit  to  the 
jets).  Sometimes  the  boundary  of  the  cirrus  was  well  defined  near  the 
Jot  axis  (usually  when  associated  with  an  active  front),  but  in  some 
cases  there  was  little  or  no  cirrus  at  all  (mostly  jets  passing  over 
surface  highs).  The  patterns  were  similar  for  strong  and  weak  Jets. 
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Figure  27.  Sectors  Used  for  Sawyer 
end  Xlett's  Study  of  Cloud  Distribu¬ 
tion  in  Relation  to  the  Jet  Stream 
[54], 


Murray  (4?)  analysed  the  1951*52  MB  flight  observations  of  cirrus 
in  relation  to  the  Jet  stream.  When  flying  on  horizontal  legs,  the 
following  percentages  of  flight  time  were  in  cloud  on  various  legs 
relative  to  the  Jet  (20  flights,  39  legs,  25%  hours  total): 
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Above  Jet 
Axis 

Below  Jet 
Axis 

Above  and 
Belor 

Ci,  Cs,  and  Anvil  Cl 

0 

2.9* 

1.6$ 

Ns,  As,  and  Ac 

0 

3.6g 

2.2$ 

All 

0 

6.5$ 

4.0$ 

Thus,  cirrus  was  met  with  only  a  small  percent  of  th<  time. 

On  the  16  legs  located  above  the  Jet  axis,  no  clouds  were  encoun¬ 
tered,  and  only  on  three  of  them  were  patches  seen  above  the  aircraft. 
The  cirrus  was,  in  these  flights,  obser/ed  from  30  to  400  n.m.  to  the 
high-pressure  side  of  the  axis;  no  cirrus  on  the  low-pressure  side  was 
seen. 

On  the  seven  legs  which  traversed  some  cloud  {including  anvils. 

Ns,  As,  Ac,  and  Cs)  the  clouds  were  70  to  4 00  n.m.  on  the  high-pressure 
side. 

On  the  7  flights  when  no  cloud  was  observed  at  or  above  the  bottom 
leg,  there  was  only  some  low  Cu  or  Sc  seen;  these  Jets  were  vastly 
ones  not  associated  with  a  surface  front. 

Thirteen  flights  had  some  cloud  at  or  above  the  bottom  leg, 
scattered  from  70  n.m.  on  the  low-pressure  sir*®  to  400  n.m.  on  the 
high-pressure  side,  mostly  on  the  latter. 

The  general  conclusion  was  that  cloud  above  400  mb  is  predominant¬ 
ly  on  the  high-pressure  side  of  the  Jet  axis,  especially  from  150  to 
450  n.m.  out;  and  that  no  cloud  (except  anvils)  is  found  on  the  low- 
pressure  side  between  100-250  n.m.  out.  From  100  n.m.  on  the  low- 
pressure  side  to  about  150  n.m.  on  the  high-pressure  side  there  may  be 
none  or  any  amount  of  high  cloud,  depending  on  the  case.  Murray  found 
the  frost-point  depressions  were  generally  greater  on  the  low-pressure 
than  on  the  high-pressure  side,  which  is  consistent  with  the  cloud 
distribution  found. 

Murgatroyd  and  Goldsmith  (46)  noted  on  the  1949-5*  MR  Flights  that 
the  boundary  between  cloud  and  no-cloud  areas  at  the  Jet  axis  was  most 
well-marked  with  Jet  streams  having  .1  considerable  northerly  component, 
cirrus  then  often  being  present  over  western,  but  not  over  eastern,  dis¬ 
tricts  of  the  British  Isles. 

James  (36)  analysed  the  1952-54  MR  Flight  cirrus  data  in  relation 
to  the  Jet  stream,  obtaining  a  general  confirmation  of  the  previous 
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studies.  At  300  mb  the  majority  of  the  cirrus  reported  lay  on  the  high- 
pressure  side  of  the  Jet  axis  (see  Figure  28).  The  cases  of  no-cirrus 
*ere  much  less  numerous  in  total  than  cases  of  cirrus,  and  showed  some 
tendency  to  occur  more  often  on  the  low-pressure  side.  Cirrus  on  the 
low-pressure  side  of  the  Jet  was  mostly  within  200  n.m,  while  or  the 
high-side  cases  were  numerous  out  to  700  n.m.  However,  many  cirrus  and 
no-cirrus  reports  had  no  obvious  association  with  the  Jet  stress  at 
300  mb. 
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ire  28.  Frequency  of  Reports  of  Cirrus  (A)  and  Mo-Cirrus 
at  Various  Distances  from  the  Jet-Stream  Axis  at  300  mb. 
i  British  MR  Plights  1952-54  [36]. 


The  average  pattern  of  cirrus  and  no- cirrus  distribution  around 
the  Jet  stream  revealed  by  the  various  studies  mentioned  above  seems  to 
call  for  a  circulation  model  which  has  ascending  motion  on  the  high- 
pressure  side  and  descending  notion  on  the  low-pressure  side.  An  ef¬ 
fect  of  this  sort  has  been  postulated  in  theoretical  models  of  the  Jet 
strews. 

However,  comparison  with  the  models  of  Murray  and  Daniels  [48]  and 
of  French  and  Johannessen  [24]  (see  paragraph  4.2)  indicates  there 
should  also  be  a  more  definite  longitudinal  variation,  which  perhaps  is 
partly  obscured  by  the  crudity  of  the  observations  available  and  the 
persistence  of  cirrus  after  formation. 

Schaefer  [56]  claims  that  certain  forms  of  high  cloud  moving  at 
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high  speed  are  characteristic  cf  the  state  of  aky  when  a  Jet  stream  la 
overhead,  in  particular  States  of  Sky  Codes  Cjj4,  0^5*  and  CH9  (also 
Cm3,  4,  5,  and  7).  He  suggests  that  the  presence  of  these  clouds  say 
be  used  as  a  "rule  of  thumb"  for  Identifying  a  Jet  stream.  It  is  cer¬ 
tain  that  the  types  of  clouds  cited  also  occur  independent  of  a  ,1et 
streams  only  a  detailed  study  could  verify  the  utility  of  Schaefer's 
hypothesis.  Similar  clouds  are  reported  with  Jet  streams  over  Tasmania 
[19],  but  not  over  Australia  [19]* 

A  BOAC  pilot.  Captain  B.  C.  Prost,  has,  from  his  flying  experience, 
independently  derived  [26]  a  notion  rather  similar  to  Schaefer's.  He 
emphasizes  the  parallelism  of  the  long  narrow  cirrus  bands  to  the  wind 
direction  (cf.  also  Saito  and  Narlkawa  [53]).  However,  he  has  admitted 
that  these  clouds  accompany  only  a  small  percentage  of  the  Jet  streams. 

Endllch  and  McLean  [71)190]  summarised  the  pilots'  cloud  observa¬ 
tions  from  Project  Jet  Stream  ( eastern  United  States),  plotting  their 
frequency  distribution  by  5000- ft  vertical  and  1*- latitude  horizontal 
intervale  with  respect  to  the  core  of  the  Jet  atreaa.  The  frequency  of 
all  "high  clouds"  (Figure  29a)  had  two  maxima  of  30-350*  one  275  alias 
north  of  the  core  around  5000  feet  below  the  polar  tropopause,  the 
other  at  an  equivalent  height  but  350  mllea  south  of  the  core.  At  and 
below  the  Jet  core  the  frequency  ia  only  8-lQjf.  Amounts  of  8-160  ware 
found  Just  above  the  polar  tropopause  (between  It  and  the  maximum  wind 
level ) ;  between  the  maximum  wind  level  and  the  tropical  tropopause,  the 
frequency  falls  to  0-100.  The  general  picture  la  thus  similar  to  the 
British  results.  Figures  29b,  c,  and  d,  show  the  frequencies  separate¬ 
ly  for  Ci,  Cs,  and  Gc.  There  is  proportionately  more  Ci  north  of  the 
Jet,  and  more  Cs  south  of  the  Jet.  Cc  are  rare  but  clustered  Just 
above  the  "Jet-front*  well  south  of  the  core  and  lower  than  Ca  and  Ci. 

The  maximum  of  frequency  south  of  the  Jet  core  may  be  related  to  the 
frequent  occurrence  of  secondary  (subtropical)  Jets  over  southeastern 
United  States.  Since  300  of  the  Project  flights  crossed  the  Jet  in  the 
region  from  ridge  to  trough  where  clouds  are  less  frequent  than  ahead 
of  the  trough,  the  above  Figures  may  tend  to  be  soaawhat  lower  than 
those  which  would  be  representative  of  Jet  streams  as  a  whole. 

Major  Oayikian  [77]  has  extended  his  cirrus  study  reported  in 
paragraph  4.3,  to  include  a  highly-generalised  model  of  cirrus  distri¬ 
bution  around  a  Jet  stream  and  associated  long-wave  trough  over  the 
United  States  (see  Figure  30).  This  model  gives  dense-cirrua  areas  to 
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Figure  29a.  Cxo*s-3ecfclon  of  Model  of  the  Jet  Stream 
Based  on  Project  Jet-Stream  Flights  Over  Eastern  United 
States,  with  Percentage  Frequency  of  All  High  Cloud 
Plotted  with  Reference  to  the  Jet-Stream  Core  (after 
Bndlich  and  McLean  (71  ]  ( 8o] ) .  There  is  a  certain 
amount  of  sailing  bias  in  this  data,  because  the  air¬ 
craft  observers  could  not  observe  from  flight  level 
the  complete  vertical  distribution  of  clouds.  The 
cJouds  reported  below  18,000  feet  below  the  Jet-core 
level  were  probably  nearly  all  middle  clouds;  their 
actual  frequency  mus t  be  much  greater  than  shown. 

Other  diagrams  (80],  not  reproduced  here,  show  the  dis- 
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Figure  2Sd.  Sane  Model  as  in  Figure  29*  but  Showing 
Frequency  of  Cc  Clouds  (8C). 


the  right  side  of  the  Jet  axis  on  both  limbs  of  the  trough  as  other 
studies  show,  and  a  clear  area  In  the  bottom  of  the  trough.  Over  south 
eastern  United  States  the  model  Includes  a  subtropical  Jet  and  a  com¬ 
bined  cirrus  pattern  that  agrees  well  with  Endlich's  data  (Figure  29). 
Qayiklan,  however,  does  not  show  any  cirrus  north  of  the  Jet,  where 
both  the  British  and  Endlich's  data  Indicate  much  "high  cloud"  occurs. 
This  discrepancy  is  minimized  if  Gey  Helen"  s  model  is  applied  mainly 
to  the  level  of  the  wind  maximum  rather  than  to  300  mb  or  other  levels 
below  the  wind  maximum.  However,  all  stud3.es  reported  here  agree 
that  most  of  the  more  extensive  and  dense  cirrus  is  on  the  high- 
pressure  (right,  or  south)  side  of  the  Jet  axis.  Furthermore,  Major 
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Figure  30 »  Model  Distribution  of  Extensive  Dense  Cirrus  At 
Maximum- Wind  Level  with  Reference  to  a  Long-Wave  Trough  Over 
the  United  States  and  Associated  Jet-Stream  Axes  (after 
Oayikian  [77]}. 


Gaylklan's  model  is  Intended  only  to  show  the  dense  and  extensive  cirrus 
areas «  and  does  not  deny  the  occurrence  of  much  scattered,  fine,  and  thin 
cirrus  elsewhere. 

Much  of  the  large  observed  frequency  of  high  cloud  well  north  of 
the  Jet  axis  can  probably  be  accounted  for  as  the  upper  reaches  of  cold 
frontal  systems  or  cold  lows  not  directly  connected  with  the  Jet  stream; 
in  some  parts  of  a  trough  this  high  cloud  may  tend  to  be  dense  and  In 
other  parts  thin  or  scattered. 

There  is  some  difference  of  opinion  an  to  how  (if  at  all)  the 
cloud  distribution  in  the  cross-sectional  normal  to  the  Jet  axis  may 
vary  longitudinally  along  the  Jet,  between  "entrance"  and  "exit"  areas, 
in  and  out  of  maximum  isotach  centers,  etc.  Only  further  observations 
can  answer  this. 
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showthere  le  every  definite  association  beO.ee,.  occurrence  or  non- 
occurrence  of  cTtonalve  clrroatratua  end  tne  300-«b  patterns .  They 
show  how  the  sign  end  magnitude  of  the  vortlcity-adveetlon  ter.  sewee 
oulckly  end  with  high  accuracy  to  -ark  off  the  large  areas  on  the  chart 
.here  extensive  C»  Is  not  likely  to  occur.  Klthin  the  region  having 
large  posltlve-vortlclty  advectlon,  which  by  hypothesis  should  contain 
nost  of  the  extensive  cirrus,  the  high  clouds  usually  cover  less  than 
half  the  area  because  In  part  of  the  area  the  air  is  too  diy  or  the 
lifting  has  not  continued  long  enough.  Statistically,  however,  8SSS  of 
the  extensive  high  cloud  reported  were  found  somewhere  within  the  posi¬ 
tive  area,  -mere  are  also  several  situations  where  some  of  the  cirro- 
stratus  shield  Is  apt  to  occur  outside  but  adjacent  to  the  posltlvc- 
vorticlty-advectlon-term  area:  one  Is  In  sharp  troughs  surrounded  by 
strong  winds  and  In  cold  lows  that  show  -ove-ent,  and  the  other  is  In 
the  lee  of  the  300-mb  ridge  line  where  descending  notion  prevents  new 
formation  of  cirrus  but  where  old  cirrus  which  drifts  In  fro  upstream 
may  persist  for  300-400  n.n.  past  the  ridge,  because  the  air  Is  still 
Ice-saturated.  Keverthale»s»  the  extensive  Cs  Is  mostly  formed  In  the 
region  from  the  trough  line  to  the  ridge  line.  The  vortlcity-ad¬ 
vectlon  criterion  for  cirrus  vs.  no-clrrus  can  be  applied  In  practice 
simply  by  Qualitative  Inspection  of  the  300-mb  pressure-contours  and 
winds  (for  principles  see  appendix  B,  AM3H  lOg-y/U)-  ««  addition  or 
some  direct  or  Indirect  moisture  Indication  would  undoubtedly  throve 
the  recults  (see  paragraph  4.4).  The  authors  do  not  believe  that  the 
occurrence  of  scattered  patchy  cirrus  can  be  forecast  by  any  generar 
synoptic  approach  with  the  type  and  density  of  upper-air  observations 
available  today.  The  essential  part  of  their  paper  follows: 

4  2  1.  ^.1  of  Nenhanalrals.  It  night  be  mentioned  here  that 

Initially  attempts  were  -ad.  to  analyte  a  series  of  mepa  for  hlgh-cloud 
occurrence  by  means  of  synoptic  observations  of  high  clouds.  It  was 
found,  however,  that  the  confidence  in  the  nephenalysls  arrived  at  In 
this  manner  was  low.  A  large  amount  of  guessing  based  on  preconceived 
,e.f.  about  the  distribution  of  high  clouds  was  nsetssary  to  collate 
the  maps,  a  thing  that  naturally  should  be  avoided.  It  was  estimated 
that  about  half  the  time  the  high  clouds  wars  hidden  from  surface  ob¬ 
servation  by  low  or  medium  clouds.  Observations  taken  during  the  hours 
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of  darkness  were  found  unreliable,  and  continuity  from  the  nighttime 
maps  to  the  daytime  maps  was  poor.  Further,  it  was  found  difficult  to 
analyze  obectively  the  amounts  of  high  clouds,  e.g.,  to  establish  where 
the  edge  of  a  cirrostratus  deck  should  be.  The  surface  observations  of 
the  height  of  the  base  of  high  clouds  were  found  completely  unreliable 
by  H.  Appleman  [AWS  TR  105-110 1  who  found  they  contained  an  average 
error  of  almost  10,000  feet.  Considering  all  this,  it  is  not  surpris¬ 
ing  that  so  little  factual  knowledge  has  been  collected  about  the  dis¬ 
tribution  of  high  clouds  in  relation  to  synoptic  patterns. 

For  these  reasons,  it  was  decided  to  abandon  the  nephanalysis 
based  on  surface  observations  and  to  base  the  study  entirely  on  air¬ 
craft  observations.  Thereby,  it  was  hoped  to  achieve  a  higher  degree  of 
objectivity.  Surface  observations  were  consulted  only  as  a  check  when 
the  aircraft  observations  appeared  to  be  inconsistent  or  incomplete. 

4.2.2.  Observations  Used.  The  cloud  observations  were  made  from 
B-47  aircraft  flying  mostly  above  the  top  of  the  highest  cloud  layers. 
The  observers  had  been  instructed  to  report  the  tops  of  cloud  and 
amounts  above  25,000  feet  and  record  particularly  locations  where  large 
changes  in  the  height  of  cloud  tops  and  amounts  occurred.  The  amounts 
were  reported  as  overcast  (10/10),  broken  (6/10  -  9/10),  scattered 
(5/10  or  less)  and  clear. 

The  height  25,000  feet  was  chosen  somewhat  arbitrarily.  The 
average  temperature  at  this  level  over  the  United  States  in  wintertime 
is  about  -35*  to  -40*C.  This  temperature  range  corresponds  to  that  in 
which  various  investigators  have  found  that  abundant  freezing  nuclei 
become  active.  In  other  words,  25,000  feet  is  roughly  a  level  above 
which  the  clouds  are  predominately  ice-crystal  clouds  [see  paragraph 
2.2.2]. 

The  tracks  flown  extended  all  over  the  United  States  and  adjacent 
areas  of  the  Atlantic.  The  total  distance  flown  was  about  45,000  miles. 
The  flights  took  place  in  January  and  February  1953.  They  were  mostly 
spaced  several  days  apart,  and  the  tracks  changed  each  time  so  thaj  it 
was  not  possible  to  follow  in  space  and  time  the  development  of  the 
high-cloud  systems.  The  conclusions  of  this  study  are  therefore  mostly 
of  a  statistical  nature. 

The  height  of  the  aircraft  above  the  cloud  was  estimated  visual¬ 
ly.  Since  the  aircraft  could  be  flying  as  much  as  10,000-12,000  feet 
above  a  reported  cloud  layer,  it  was  thought  that  errors  in  cloud-top 
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reports  of  as  much  as  3000  feet  could  occur.  Most  of  the  tine,  though, 
the  flights  would  be  conducted  only  a  few  thousand  feet  above  the  high 
cloud,  and  it  Is  estimated  that  the  average  error  Is  between  1000  and 

2000  feet. 

The  types  of  vertical  motion  leading  to  high-level  clouds  may 

for  this  study  conveniently  be  classified  as; 

a.  Slow,  large-scale  ascent,  eventually  producing  extensive 

sheets  of  cirrostratus. 

b.  Penetrative  Cb  convection  from  low  levels,  producing 
anvil  cirrus  as  the  typical  high-cloud  form;  in  due  course  the  degenera¬ 
tion  products  of  the  anvils  may  take  on  various  aspects  such  as  cirrus 
spissatus  and  even  cirrostratus  and  cirrus  fibratus  when  vertical  shear 
detaches  the  ice  clouds  from  their  parent  cloud  and  conceals  their 
origin. 

c.  Convective  currents  in  shallow  unstable  layers  at  high 
levels.  [Cf.  Schwerdtfeger’s  "pure"  or  "convective"  cirrus.) 

Only  the  first  type  Is  treated  here.  To  Isolate  the  high-cloud 
occurrences  that  were  thought  due  to  alow  vertical  ascent,  the  high- 
cloud  layers  of  6/10  or  more  and  extending  for  at  least  100  miles  along 
the  track  were  selected.  It  was  thought  that  there  would  be  little 
hope  of  detecting  areas  of  vertical  motion  of  a  scale  less  than  this 
fix>a  the  usual  smoothed  flow  charts  at  upper  levels.  <ki  the  other 
hand,  it  was  hoped  to  eliminate  types  (b)  and  (c)  by  requiring  the 
cloud  layers  to  be  extensive.  The  occurrences  for  each  100-mile  stretch 
were  divided  as  to  amounts  of  either  6/10  -  9/10  or  10/10  cloud.  This 
was  done  because  it  was  of  some  operational  importance  to  be  able  to 
distinguish  between  a  completely-overcast  cloud  deck  and  cloud  layers 
with  breaks;  this  also  afforded  some  clue  as  to  the  thickness  of  the 
clouds. 

*•.2.3.  Divergence  and  Vertical  Motion  Hear  the  Tropopwse.  The 
atud.ee  that  have  been  made  of  the  distributions  of  high  clouds  have  al¬ 
most  exclusively  associated  them  with  features  of  the  surface  map®  such 
as  fronts  ana  frontal  systems,  lows,  highs,  troughs,  and  ridges.  [See 
paragraph  4.1.)  On  the  other  hand,  we  know  that  extensive  sheets  of 
high  cloud  at  times  occur  without  any  recognisable  counterpart  on  the 
surface  map,  though  they  may  be  associated  with  well-defined  character¬ 
istics  on  hlgh-lsvsl  amps,  e.g.,  the  300=ab  map.  Among  such  features 
of  the  300- mb  map  can  be  mentioned  Jet-stresm-lsolach-maxira,  troughs.. 
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and  cold  lows.  At  times,  these  features  are  so  exclusively  high-level 
phenomena  that  they  r.re  not  clearly  reflected  even  on  the  500-ab  map. 

An  attempt  to  associate  high-level  clouds  with  the  300-mb  map, 
therefore,  seems  logical.  The  first  step  was  to  try  to  infer  the  ver*- 
tlcal  motion  in  the  high-cloud  region  for  the  300-mb  map. 

The  vertical  motion  at  a  level  relative  to  some  boundary  level  can 
be  obtained  from  the  vorticity  equation  (l)  and  the  equation  of  conti¬ 
nuity  (2): 

(1)  d  in  (  Y  +  f)  +  v  »v  -  o 

dt  p 

<2>  V*  +  lp3i_0 

Here  f  is  the  vertical  component  of  relative  vorticity  (lsobaric), 
f  the  Coriolis  parameter,  v  velocity,  and  Vp  the  horizontal  del- 
operator  applied  to  a  quantity  on  an  isobaric  surface. 

The  term  involving  the  tilting  of  the  horizontal  component  of  vor¬ 
ticity  by  differential  vertical  motion  through  the  pressure  surface  has 
been  left  out,  though  this  may  be  appreciable  near  Jet  streams  where 
the  vertical  wind  shear  and  the  horizontal  gradient  of  vertical  motion 
normal  to  the  wind  shear  may  both  be  large. 

By  combining  (l)  and  (2)  and  integrating  between  two  pressure 
levels  p  and  pT,  we  obtain  the  well  known  relationship: 

(3)  ||  -  (||)t  -  in  (  T  +  f)(P  -  Pj) 

where  the  bar  indicates  the  average  value  between  p  and  pT. 

As  boundary  conditions,  we  will  assume  that  the  individual  pressure 
change  at  the  tropopause  or  some  level  near  the  tropopause  is  small  in 
magnitude  compared  to  the  individual  pressure  change  further  down. 

Several  authors  have  investigated  the  distribution  of  vertical 
velocity  with  height.  M.  Boporto,  (Ber.  d.  Wetterd..  No.  35:  103), 
found  that  on  the  average  the  height  of  zero  vertical  motion  was  found 
at  9-10  km  over  northwestern  Europe  (Valentia).  H.  Pauat,  (Met.  Rund. . 
6:  6),  found  it  at  10  km  over  central  Europe  and  named  this  the  zero- 
level.  A.  Eliassen  and  W.  E.  Hubert,  (Tellus,  5:  196),  studying  indi¬ 
vidual  cases  found  locations  of  large  vertical  motions  at  300  mb. 

Others  using  the  wind  field  directly  have  also  found  vertical  motions 
at  tne  tropopause  level.  P.  A.  Sheppard,  (Quart.  Jn. .  75:  188),  found 
that  in  statistical  averages  I  dp/dt  J  has  a  maximum  below  300  mb  both 
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for  ascending  and  descending  notion. 

Ihe  subject  seena  controversial;  nevertheless,  it  was  thought 

worth  while  to  try  a  model  where 

<*)  (aCT  *  0 

T  is  some  level  near  the  tropopause,  that  possibly  more  synoptic  re¬ 
search  will  allow  us  to  identify  better. 

For  d  In  (f  +  f)/dt  we  substitute  the  value  at  300  mb,  assuming 
it  to  be  representative  for  the  layer  between  the  boundaries.  For  the 
wind  and  the  vorticity  their  geostrophic  values  were  adopted. 

The  geostrophic  vorticity  was  computed  by  the  finite-difference 

approximation: 

(5)  tg  ■  M2  (i  "  Z) 

where  z  is  the  height  of  pressure  surface  and  z  the  mean  height  on  a 
circle  with  radius  d.  The  quantity  d  was  chosen  «  6*  latitude  at  60*H 
on  the  map.  Maps  of  (5  -  z)  for  the  300-mb  surface  were  constructed 
by  a  graphical  method  devised  by  R.  FJBrtoft  [see  AWS  TR  IO5-13I 
ftWSM  1Q5- 50/1  ] .  This  method  is  particularly  well-suited  for  operation 
in  a  weather  central.  Thirty  to  forty  minutes  are  required  to  con¬ 
struct  the  (i  -  z)  map  at  300  mb  for  an  area  covering  the  United  States 

and  Canada  and  adjacent  ocean  areas  (1:1J,500,0<X>). 

Since  the  factor  4g/fd2  varies  only  slowly  in  the  north- south 
direction  on  the  map,  the  isopleths  of  (5  —  z)  were  taken  to  be  iso-  . 
pleths  of  vorticity.  The  change  in  f  along  the  contours  of  the  300-mb 
maps  is  mostly  only  0-20£  of  the  change  in  fg  and  was  hence  neglected. 
By  also  neglecting  the  vertical  transport  of  vorticity,  we  arrive  at 
the  final  form  of  the  individual  change  of  logarithmic  vorticity. 


d--, .jp--1  .  (fg  +  r)’1  (vg  -  c) 


where  c  is  the  speed  of  the  vorticity  line  along  the  contour  6. 

Writing  1  -  c/Vg  ■  k>  where  k  measures  the  relative  speed  with  which 
the  air  flows  through  the  vorticity  pattern,  we  finally  obtain  the 
relationship  between  the  vertical  motion  and  the  vorticity  advection  it* 

our  model: 


-  f(  T w  +  f)*1  fc  v_  (P  -  P?) 

nig  /  e  as  jyyQ  Bb  1 
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When  k  >  0,  as  is  usually  the  case,  this  model  leads  to  the  simple 
scheme  of  vertical  motion  In  the  neighborhood  of  the  tropopause  Illus¬ 
trated  in  Figure  31. 


f 


*S 


t 


icsNvtiieeNCE 

_ —reoeoeause 

VCONVEMCNCE 


')  >0  { 
'  300 mt  | 


\ 

* 

f  DIVERSE  MCE 
^OIVER«ENCE 


Figure  31.  Scneme  of  Vertical  Motion 
Near  the  Tropopause. 


In  the  regions  where  d  fg/do  >  0  at  300  mb,  there  la  descending 
motion  Increasing  downwards  below  the  tropopause .  In  regions  where 

g/^a  ^  0  at  300  mb,  there  is  ascending  motion  increasing  downwards 
below  the  tropopause. 

If  It  is  felt  that  the  assumption  of  no  vertical  motion  at  the 
tropopause  is  too  unrealistic.  It  may  be  pointed  out  that  the  model  can 
be  formulated  less  rigidly  by  only  requiring  that  |  dp/dt  J  has  a 
well  below  300  mb.  Also,  in  this  less  restricted  model, 
ft  tg  +  0"1  k  Vg  Wg/ds)]  300  nb  should  be  expected  to  give  the  cok*- 
rect  sign  of  the  vertical  motion  and,  provided  the  values  of  k  ar<<  com¬ 
parable  in  different  situations,  also  to  indicate  the  magnitude  of  the 
vertical  motion. 

The  favorable  region  for  formation  of  high  clouds  would  be  in  the 
upper  troposphere  In  the  regions  with  positive  vorticity  advection  at 
300  mb.  The  tops  of  the  high  cloud  would  tend  to  approach  the  tropo¬ 
pause  to  a  closeness  dependent  on  the  initial  humidity  distribution, 
the  strength  of  the  divergence  field,  and  the  time  the  air  is  exposed 
to  this  divergence  field. 

Another  region  where  this  model  would  favor  high  clouds  is  in  the 
stratosphere  above  the  region  of  negative  300-mb  vorticity  advection. 
Jhe  rarity  of  cases  of  high  cloud  observed  in  the  stratosphere  is  prob¬ 
ably  due  to  the  dryness  of  the  stratosphere  and  to  the  small  vertical 
motions . 
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Cressoan  (Jn.  Met.,  February  1953,  p.  I7ff)  measured  the  ratio 
c/Vg  •  l  -  k  over  North  America  on  two  series  of  five  300-mb  maps  each, 
one  in  January  ?952  and  the  other  in  June  1952.  The  ratio  wa«  fvund 
positive  and  less  than  unity  at  all  points  measured.  Ihe  average  was 
about  0.5  in  both  seasons,  with  a  variability  somewhat  greater  in 
summer  (lQ£  standard  deviation)  than  in  winter  (12#  standard  deviation). 
No  dependence  on  wind  speed  was  apparent . 

According  to  this  we  should  expect  the  vorticity  advection  term 
to  give  a  fair  measure  of  the  divergence  at  300  mb,  and  we  can 
expect  to  make  few  mistakes  as  to  sign  but  some  mistake  as  to  magnitude 
in  Individual  cases  by  regarding  k  as  a  constant  (0.5). 

4.2.4.  Occurrence  of  Extensive  High-Cloud  Layers  in  Relation 
to  the  Vorticity-Advection  Term  at  300  mb.  It  should  be 
pointed  out  that,  other  things  being  equal,  the  vorticity-advec tioc 
term  does  not  only  depend  or.  the  vorticity  advection  -  Vg  (d  T_/ds), 
but  also  on  the  absolute  vorticityff g  +  4. 

Since  the  latter  is  mostly  positive,  the  denominator  in  the  advec¬ 
tion  term  is  positive  when  the  relative  vorticity  (z  —  z)  decreases 
downstream  (e.g.,  fro®  trough  to  ridge).  When  the  shear  and  the  Corio¬ 
lis  parameter  become  equal,  the  absolute  vorticity  becomes  zero  and  the 
vorticity  advection  becomes  very  large  leading  to  dynamic  instability. 
Cirrus  was  generally  found  with  such  conditions  [see  below]. 

Figure  32  shows  the  300-mb  map  15002,  22  January  1953,  with  con¬ 
tours  and  isopleths  of  (z  —  2)  which  can  be  regarded  as  isopleths  of 
relative  vorticity.  Tne  track  of  the  observing  aircraft  has  been 
entered.  The  figures  along  the  track  give  the  distance  flown  in  100's 
of  miles.  Thick  parts  of  the  trick  indicate  10/10  high  cloud,  fch*** 

<  6/10,  hatched  9/10  -  6A0. 

This  map  is  typical  of  the  distribution  of  high  clouds  found  in 
open  waves  in  the  high-level  flow.  The  air  moves  fast  through  the  vor¬ 
ticity  pattern,  leaving  no  dcubt  that  the  vorticity  advection  gives  the 
correct  sign  of  the  divergence:  The  high  cloud  is  found  in  the  regions 
of  positive  vorticity  advection.  The  upstream  edge  of  the  cloud  layer 
is  found  some  distance  downstream  from  the  line  of  zero  advection, 
which  is  to  be  expected  since  saturation  will  be  reached  only  after 
some  ascending  motion. 
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300  MB 

19002  JANUARY  12,  ®93 


2-1  «M  MUMCMM  Of  WIT 
UOMK  28000  FCCT 

■  «/r  MNH  CtOMO 

■  8/10 -*/»  MMH  CtCUO 


•/tO  HHIH  Cl. OOO 


(5  ~  z)  at  100- ft  intervals.  The  track  of  the  *££** 

craft  is  entered  and  position  at  map /^rti^nSd  ®bove^>^0Q0 
Thick  Dortions  of  track  nark  where  10/10  of  cloud  above  25,000 

fSet  eStSidlnB  for  «t  leost  100  alios  olon*  trock  «.»  mooww 
tered  hatched  portions  where  correspondingly  6/10  -  9/10  was 
observed,  and  thin  portions  where  less  than  6/10  was  observed. 
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“S1®*  -33  onowB  too  tdvtetioo  ton,  CMputw)  for  v&ricua  points 
sl<»e  tho  route  frcoi  too  chart  In  Figure  32.  As  here  the  cloud  deck 
was  usually,  but  not  always,  centered  near  the  location  where  the  adv 
tlon  ter*  was  largest. 

figure  3*  shows  a  ossa  where  the  absolute  vorticity  foraslly  com 
©at  as  negative.  When  f  Is  added  to  the  relative  vorfclcity  in  the 
«*aS»«i  off  Pew  Sagland,  a  narrow  sons  s^m  dyn&alc  Instability.  In 
thla  sone  and  neighboring  areas,  10/10  high  cloud  extending  up  to  the 
tropopause  waa  observed.  Without  discussing  the  reality  of  these 
regions  of  dynaalc  Instability,  it  is  interesting  to  notice  that  they 
were  net  In  six  different  sections  of  the  total  distance  flown  and  In 
all  sections  extensive  overcasts  of  high  cloud  did  occur. 
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500  MB 

I500Z  JANUARY  25. 1*53 


Figure  3*.  300-mb  Chart  at  1500Z,  25  January  1953.  For  legend 


Plan'S  35  e*a*Q»*£  trS**’  advection  tern  wa a  large  also  in  posi¬ 

tions  7  to  10,  but  no  high  o louts  were  encountered.  This  indicates 
that  humidity  observations  at  high  levels  probably  trill  be  needed  be¬ 
fore  we  can  predict  with  more  certainty  where  the  high  clouds  will  font 


300  MB  -*• - 

I5O0Z  FEBRUARY  12,1853 


Figure  36.  300-mb  Chart,  1500Z,  12  February  1953.  For  legend 

see  Fig”ire  32. 
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ire  37.  Vortlclty-Advectlon  Term  at  300  mb  Along  theTrack: 
IrcSft.  HUM  curv.  «t  0300Z.  »tl500Z. 

ebruary  1953.  Pull  curve  applies  to  the  tine  when  aircrart 
In  the  position  narked  on  the  abclssn. 


TABLE  V 

Frequencies  (Huaber  of  100  alias)  and  Relative 
Frequencies  (£)  of  Cloud  Covers  Above  25,000 
Feet  in  Relation  to  the  Vorticity-Advection 
Tern  at  300  ab. 
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The  first  line  of  Table  V  shows  the  grouping  of  the  vorticity-ad- 
vectlon  terms.  00  denotes  sections  along  the  track  where  the  absolute 
vorticlty  is  confuted  to  be  negative,  +  co  where  &  f  ^/ds  <  0  and  —  00 
wh«tre  dfg/ds  >  0.  The  second  line  gives  the  distribution  of  flown 
distance  in  units  of  100  miles  within  these  groups.  The  third  line 
gives  the  frequency  of  broken  or  overcast  high  cloud.  Of  the  total  of 
43*500  miles  flown,  8500  miles  or  20$  had  broken  or  overcast  cloud 
above  25,000  feet.  Of  these  8500  miles,  7300  or  86£  occurred  in  areas 
of  positive  vorticlty  advection.  The  fourth  line  gives  the  frequency 
of  broken  cloud;  only  4£  of  the  total  distance  had  broken  high  cloud 
extending  for  more  than  100  miles  in  the  direction  of  the  flight  as 
against  1 6#  with  overcast  high  cloud. 

The  last  three  lines  show  relative  frequencies  of  the  three 
amount  groups,  broken  or  overcast,  broken,  overcast.  The  probability 
of  occurrence  of  extensive  overcasts  clearly  increases  with  the  vor¬ 
ticlty  advection  term:  600  out  of  700  miles  of  indicated  dynamic  in¬ 
stability  had  overcast  high  cloud. 

High  cloud  occurred  with  negative  advection  for  1200  miles  or  14£ 
of  the  total  cloud.  Two  single  cloud  layers  accounted  1000  miles,  as 
shown  in  Figures  38  and  39. 

Figure  38  shows  a  detail  of  the  map  at  0300Z  on  1  February  1953. 
The  aircraft  was  in  the  position  marked  0300Z  at  the  time  of  the  map. 
The  dotted  line  separates  the  areas  of  positive  and  negative  advection. 
The  high-cloud  overcast  to  the  left  of  this  line  clearly  existed  in  an 
area  of  negative  advection  even  if  this  was  not  particularly  large  in 
magnitude.  On  closer  examination,  this  was  found  to  be  a  case  where 
the  local  change  of  vorticlty  to  the  rear  of  the  trough  exceeded  the 
advectlve  change.  The  trough  and  the  associated  tightly-packed  vortic- 
ity  lines  to  the  rear  of  it  moved  eastward  rapidly,  following  a  surface 
low  that  moved  northeast  at  30-35  knots.  This  shows  that  it  is  neces¬ 
sary  to  check  the  local  change  of  vorticlty  in  areas  of  the  map  where 
highly-packed  vorticlty  lines  are  nearly  parallel  to  the  contours  and 
show  motion  normal  to  themselves.  This  will  be  the  case  in  sharp 
troughs  surrounded  by  strong  winds  and  also  in  cold  lows  that  show 
movement.  It  is  well-known  from  synoptic  practice  that  also  medium  and 
low  cloud  and  precipitation  at  times  extended  to  the  rear  of  such  high- 
level  circulation  patterns. 
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Figure  39  Illustrates  that  high  clouds  that  probably  had  forced  in 
ascending  notion  west  of  the  ridge  at  300  afe  extended  for  a  considera¬ 
ble  distance  Into  the  area  where  descending  notion  should  be  expected. 
The  high  clouds  were  observed  during  the  period  1900-2100Z  on  the  16th. 
The  position  of  the  aero  advection  line  at  21002  on  the  16th  was  there¬ 
fore  Interpolated  between  its  positions  at  1500Z  on  the  l6th  and  0300Z 
on  the  17th.  That  is  the  line  narked  2100Z  on  the  »ap.  The  position  o 
the  aircraft  at  2100Z  la  also  indicated.  The  high-cloud  deck  extended 
for  about  350  alias  into  the  negative-advection  area  at  this  tiae.  The 
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Figure  39.  Detail  of  300-mb  Chart,  0300Z,  17  February  1953. 
Dotted  lines  are  zero-advection  lines  at  map  time  and  at 
2100Z,  16  February.  Position  of  observing  aircraft  at  2100Z 
worked  or.  track. 
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top  of  sue  cloud  deck  fell  from  3*# 000  feet  at  the  ridge  line  at  2100Z 
to  30,000  feet  where  the  cloud  deck  broke  up.  This  also  points  towards 
descending  motion  east  of  the  ridge  line. 

This  continued  existence  of  ice  clouds  for  hundreds  of  railes  into 
areas  of  descending  motion  is  most  likely  due  to  the  different  satura¬ 
tion  pressures  over  ice  and  water.  It  is  generally  accepted  that  the 
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ice-phase  of  the  cloud  particles  Is  reached  through  the  water  phase 
[see  paragraph  2.2]  [51].  Condensation  In  any  quantity  does  not  occur 
till  water  saturation  is  reached.  Once  water  saturation  la  reached, 
water  droplets  fora,  which  In  turn  freeze  on  freezing  nuclei  (bee owe 
active  below  -35*  to  -40*0),  and  the  crystals  continue  to  grow  so  long 
as  the  air  Is  Ice  auoeraaturated. 

In  a  cloud  in  an  ascending  air  aa ss»  the  adiabatic  cooling  tends  to 
m«»-fneain  water  saturation,  whereas  the  growth  of  the  crystals  tends  to 
establish  Ice  saturation.  The  tumidity  In  the  cloud  will  be  somewhere 
between  the  two  Halts,  probably  nearer  water  saturation,  at  least  In 
the  top  of  the  cloud.  Proa  levels  In  the  temperature  range  froa  -35*C 
to  ~55*C,  adiabatic  descent  of  about  1300  feet  will  bring  air  original¬ 
ly  water-saturated  to  lee  saturation.  Assuring  a  aean  downward  veloc¬ 
ity  of  3  cu/eec  and  a  wind  of  80  knots,  the  air  will  be  displaced  about 
300  miles  during  the  descent  before  the  lee  crystals  cease  growing. 
Subsequent  evaporation,  at  a  rate  which  is  unknown,  may  be  so  slow  at 
high  levels  that  the  cloud  say  be  removed  still  further  froa  where  It 
was  formed  before  It  dissolves.  When  forecasting  high  clouds,  we  mist, 
therefore,  consider  not  only  the  areas  where  It  can  fora  (i.e.,  where 
cooling  to  water  saturation  can  be  reached),  but  also  the  subsequent 
life  history  of  the  cloud  aa  It  moves  into  regions  of  descending  notion. 

The  fall-out  speed  of  the  lee  crystals  complicates  this  problem. 

If  the  fall-out  speed  Is  large,  the  cloud  could  not  drift  very  far  from 
the  active- formation  area.  The  example  shown  suggests  that  the  ice 
crystals  In  extensive  clouds  have  sufficiently  small  fall-out  rates  for 
a  considerable  displacement  to  take  place  Into  areas  of  moderate  down¬ 
ward  notion. 

A. 2. 5.  Conclusions.  The  main  results  of  this  study  way  be  suena- 
rized  as  follows: 

(a)  06$C  of  the  extensive  cloud  layers  above  25*000  feet  were 
found  In  areas  of  positive  vortlelty  advectlon  at  the  300-mto  level. 

(b)  The  cloud  layers  were  often  found  centered  on  the  areas 
of  maximum  values  of  the  vortlelty-advectlon  tern,  although  there  were 
exceptions  to  this  rule. 

(c)  The  areas  where  the  outlined  method  of  computing  the  vor- 
tlclty  gave  negative  values  for  the  absolute  vortlelty  contained  on 
all  occasions  an  ovexoast  high-cloud  deck. 

(d)  The  probability  of  occurrence  of  extensive  high  clouds 
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Increases  markedly  with  the  vorticity-advection  terra,  Hatf«ver;  ainee 
505C  (on  the  average)  of  the  area  of  the  300-mb  map  will  Indicate  posi¬ 
tive  vortlcity  advectlon  and  only  20%  will  have  extensive  high  clouds, 
some  parameter  or  parameters  other  than  the  vortlcity  advectlon  will  be 
needed  for  a  closer  determination.  It  is  obvious  that  the  humidity 
distribution  at  high  levels  is  important.  Since  synoptic  humidity  re¬ 
ports  above  500  mb  are  unreliable  or  nonexistent,  a  quantitative  analy¬ 
sis  of  the  humidity  distribution  at  high  levels  cannot  be  undertaken  at 
the  present  time.  It  is  possible,  however,  that  a  humidity  analysis  at 
some  lower  levels  (e.g.,  5CC  or  700  mb),  in  conjunction  with  vorticlty- 
advectlon  charts  at  300  mb,  may  prove  useful  (see  paragraphs  4.1.15  and 
4.5],  This  has  not  been  attempted  in  this  study. 

(e)  14#  of  the  high  cloud  fell  in  areas  of  negative  vortlcity 

advectlon.  These  exceptions  from  the  main  rule  were  found  to  occur 
either  as  an  upstream  extension  of  the  normal  cloud  sheet  east  of  a 
sharp  trough,  or  as  a  drift  to  the  east  of  a  ridge  line  of  clouds  pre¬ 
sumably  formed  originally  west  cf  the  ridge  line, 

[Note:  The  discussion  on  cirrus  and  the  tropo pause  included  in 
the  origin? 1  paper  will  be  found  in  paragraph  4.1.11.] 

4.3.0.  A  Method  of  Forecasting  Cirrus  Clouds,  by  Captain  gyko  Tayi- 
klan  [271.  Prom  March  1953#  the  AWS  detachment  at  MacDill  APB  used 
this  empirical  method  for  forecasting  the  extent  and  height  of  cirrus 
clouds.  The  results  there  were  successful  enough  to  make  it  a  recom¬ 
mended  procedure  in  the  1st  Weather  Group  (now  the  3d  Weather  Wing) ( 273  • 
Oftyikian'a  method  has  two  phases,  one  for  forecasting  the  extent 
of  cirrus,  the  other  for  its  height.  The  association  of  cirrus  with 
the  contour  patterns,  which  forms  the  basis  of  the  cirrus-extent  fore¬ 
casting,  was  derived  from  the  author's  observations,  but  finds  a  physi¬ 
cal  explanation  in  the  work  cf  French  and  Johannessen  [24]  (see  para¬ 
graph  4.2).  It  has  not  been  given  a  formal  test  and  no  verification 
statistics  are  available.  Qayikian's  description  is  given  here  without 
change.  At  points  his  presentation  is  not  clear,  as  certain  terms  are 
not  sufficiently  defined:  "convective  cirrus,"  "advective  cirrus," 
"difluent,"  "confluent,"  etc.  The  wind  profiles  illustrated  for  the 
cirrus-height  forecasting  method  are  so  generalised  that  one  may  have 
difficulty  comparing  them  to  many  actual  profiles.  Consequently,  the 
methods  can  only  be  applied  with  a  large  amount  of  subjectivity.  This 
does  not  necessarily  detract  from  their  usefulness,  but  it  does  mean 
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that  some  experience  or  experimentation  with  them  may  be  required  in 
order  to  obtain  as  good  results  as  the  originator  does.  Also,  the 
empirical  type  of  approach  leads  to  a  considerable  number  of  rules 
which  must  be  learned.  The  results  of  French  and  Johannessen's  study 
(paragraph  4.2)  permit  one  principle,  which  can  be  applied  qualitative¬ 
ly,  to  take  the  place  of  many  rules.  Oayikian's  article  follows: 

4.3.1.  Introduction.  Cirrus  clouds  are  of  two  primary  types,  ad- 
vective  and  convective.  The  advective  cirrus  appear  to  have  a  rela¬ 
tionship  to  the  orientation,  wave  length  and  amplitude  of  the  maxlmsa 
wind  isotachs  and  wind  flow  at  a  level  Just  below  the  tropopause. 

These  clouds  are  relatively  easy  to  forecast  by  this  technique,  while 
convective  cirrus,  both  thunderstorm  and  frontal,  are  more  difficult  to 
forecast,  but  not  impossible.  A  model  is  shown  in  Figure  40  for  the 
idealised  advective-cirrus  pattern.  Variations  exist,  but  they  are 
usually  indicative  of  cirro-geneUcal  and  "eirro-lytical "  conditions. 


Figure  40.  Model  of  200-mb  Flow  and  Jet  Axis  and  Associated 
Cirrus  Distribution. 


4.3.2.  Procedure  for  Determining  Cirrus  Extent. 

4. 3. 2.1.  Plotting.  A  fairly  large-scale  chart  is  best,  the 
IIBC  4-4B  was  used  at  KacDill  APB  weather  detachment  and  has  been  found 
to  be  very  satisfactory.  Data  is  plotted  from  the  18302  hourly  se¬ 
quences  in  the  following  manner; 
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Clear 
Scattered 
O  Broken 
Overcast 
Obscured 

The  hourly  sequences  were  chosen  rather  than  synoptic  or  3-hourly 
weather  because  they  are  believed  to  present  a  better  picture.  The  ob¬ 
scured  symbol  is  used  when  the  upper  sky  Is  hidden  by  lower  clouds  or 
obstructions  to  visibility.  When  this  condition  exists,  the  sequences 
are  checked  three  hours  prior  and  subsequent  to  chart  time  along  with 
pilot  reports  to  determine  if  cirrus  was  possibly  present  at  the  time 
of  obscuration.  In  addition,  all  sequences  are  scanned  for  reports  of 
shower  and  thunderstorm  activity.  When  present,  the  standard  symbol  is 
plotted  adjacent  to  the  station. 

4. 3. 2. 2.  Analysis .  Prior  to  actual  analysis,  the  200-mb  Jets 
and  low  centers  are  entered  on  the  chart.  The  areas  of  overeast,  bro¬ 
ken,  and  scattered  are  shaded  in  red,  orange,  and  yellow,  respectively. 
Obscured  areas  are  included  in  the  area  that  seems  most  appropriate. 

The  cirrus  model.  Figure  40,  is  used  as  a  guide  to  analysis.  It  is  not 
necessary  to  include  a  broken  and  scattered  area  between  overcast  and 
clear  unless  reports  indicate  such  a  condition.  The  "break- line” 
method  can  be  used  and  very  often  is  probably  more  correct. 

4. 3. 2. 3.  Prognosis.  As  in  other  forecasting  techniques,  there 
is  no  "sure-fire"  or  short-cut  method  available.  However,  results  that 
are  highly  satisfactory  to  using  organizations  are  not  too  difficult  to 
achieve  if  a  conscientious  effort  is  made.  There  is  considerable  con¬ 
servatism  to  cirrus-cloud  cover  and  extrapolation  lends  itself  very 
well. 

Before  all  else,  a  careful  study  of  upper-air  troughs,  ridges,  and 
Jet  streams  should  be  made.  Careful  consideration  to  wave  length, 
amplitude,  confluent  and  di fluent  regions  are  important.  From  this, 
make  a  200-mb  Jet  prognosis  and  enter  on  the  chart.  The  resent  areas 
of  cirrus  are  then  progged  downstream  using  the  following  rules  (appli¬ 
cable  to  advective  cirrus  only):  (see  Figure  41 ) 
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RULES  A1  THRU  A9 

(See  Figures  4 la  thru  Ale.) 

AMPLITUDE  OP  JET 
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I  No  Change 

Increase 

Decrease 

i  RULE  A1 

|  Cirrus  forecast  to 
|  hi  ssS 2S 

1  relative  to  the  Jet 

1  that  it  is  new  exist- 
1  ant.  Cirrus  general ~ 

I  ly  spreading  eastward. 

RULE  A2 

Cirrus  spreading 

injl'vhiMurd  luu 

diminishing  in 
south  slightly. 
Cirrus  denser. 

RULE  A3 

ETEIxe  cirrus 
area  decreas¬ 
ing.  Cirrus 
less  dense. 
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RULE  A4 

Cirrus  extending  more 
east-west  and  less 
north-south.  Cirrus 
less  dense. 

RULE  AS 

Cirrus  spreading 
northeastward . 
Little  change  in 
density. 

RULE  A6 

Cirrus  will  tend 
to  dissipate  or 
area  of  cirrus 
cover  decrease. 
Cirrus  less  dense. 

I 
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o 
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RULE  A7 

Cirrus  area  will  de¬ 
crease  In  eastern 
portion.  No  change 
in  density. 

RULE  A8 

Cirrus  area  will 
decrease,  but 
spread  to  north. 
Slight  density 
decrease. 

RULE  A9 

Cirrus  area  will 
decrease. 

RULE  A, 10.  Xt  a  confluent  area  la  developing,  cirrus  will  form  down¬ 
stream  near  the  point  of  Inflection  (see  Figure  Aid)  and  build  or  for* 
both  up  and  down  the  stream  (see  Figure  Ale).  Dps t ream  from  the  point 
of  maximum  wind,  the  cirrus  will  be  stable  and  generally  clrrostratua; 
downstream  from  the  maximum,  wind  It  will  be  unstable  and  generally 
clrrocuwulus.  Greatest  density  will  be  at  point  of  maximum  srfrd. 

RULE  All.  If  a  dl fluent  area  Is  developing,  cirrus  will  dissipate  In 
the  difluent  area  (see  Figure  Aid)  and  the  area  of  dissipation  will 
spread  upstream  (see  Figure  Ale), 

RULE  A12.  Cirrus  rarely  exists  in  the  area  south  of  a  jet  trough,  but 
a  secondary  area  of  cirrus  aay  hit  present  in  the  low  center  to  the 
north.  There  will  be  a  clear  area  or  band  between  this  area  and  that 
to  the  east  of  the  trough.  (See  Figure  Ao.) 

RULE  A13.  Cirrus  usually  exists  In  the  center  and  back  part  of  a  ridge 
area  to  the  south  of  the  Jet.  (See  Figure  Ao.) 
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Figur-e  41*.  Rules  Al,  A2,  A3. 

Figure  4la.  Models  of  Cirrus-Lsvel  Flow  and 
Cirrus  Distribution  Illustrating  Various 
Prognostic  Rules  (see  Text).  Sphere  two  sets 
of  contours  and  cirrus  areas  are  shown, 
those  In  solid  lines  are  the  initial  condi¬ 
tion  and  these  dashed  are  the  condition 
towards  which  the  situation  is  trending. 
Cross-hatched  areas  are  cirrus  associated 
with  solid-line  contours,  dotted  areas, 
those  associated  with  dashed  contour*. 


RULE  Al4,  If  the  wind  aaxlsua  (Jet)  crosses  contours  towards  higher 
height  downstream,  cirrus  Is  wore  likely  to  exist  than  if  the  Jet 
crosses  contours  toward  lower  heights.  (See  Figure  4lf. ) 

R9?jS_A15.  The  presence  of  frontal  or  thunderstorm  activity  within  the 
HsaxliBua  cirrus  area  mist  be  considered.  The  usual  effect  is  to  thicken 
the  cirrus,  lower  the  base,  increase  the  height  of  the  top,  and  extend 
the  cirrus  area  more  easterly. 

For  purely  convective  cirrus,  both  thunderstorm  and  frontal,  the 
following  rules  can  be  applied: 
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RULE  ci.  If  straight” line  or  antlcyclonle  flow  exists  (at  300-200  mb) 
over  the  area  downs  tree  jo  from  a  thunderstorm  area,  cirrus  may  appear 
the  next  day  and  advance  ahead  of  the  rldgellne. 

RULE  C2.  If  the  contours  over  area  dowastreas  are  cyclonieally  curved, 
cirrus  nay  or  nay  not  appear.  It  is  more  likely  to  appear  if  the  flow 
is  weak. 

4.3.3.  Procedure  for  Detemining  Cirrus  Heights. 

4. 3. 3.1.  Advectlve  Cirrus.  The  height  of  tne  base  and  top  of 
advectlve  cirrus  appears  to  have  a  close  relationship  to  the  vertical 
wind  shear.  Although  no  statistical  evaluation  has  been  yet  determined, 
cirrus  has  been  noted  to  be  more  prevalent  with  certain  types  of  wind 
profiles.  The  height-  of  the  base  and  top  can  be  determined  with  the 
use  of  wind  profiles  as  shown  in  Figure  42. 


Figure  42.  Models  of  Wind  Profiles  Illustrating  Buies  for 
Forecasting  the  Heights  of  Cirrus  Layers  (see  Text). 


RULE  HA1.  (Figure  42)  The  greater  the  wind  shear  between  cirrus  bases 
and  tops,  the  greater  the  density,  probability  of  occurrence,  and 
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validity  of  this  rule.  [Compare,  however.  Investigations  by  others, 
paragraph  4.1.12.] 

RULE  HA2.  (Figure  4p)  Low  density,  but  in  layers,  and  the  total  dis¬ 
tance  from  the  base  of  the  lowest  layer  to  the  top  of  the  highest  layer 
is  greater. 

RULE  HA3.  (Figure  42)  No  cirrus  or  very  thin  layers  not  visible  from 
the  ground  and  reducing  horizontal  visibility  only  slightly. 

4. 3.3. 2.  Convective  Cirrus.  There  is  no  definite  technique  for 
determining  the  heights  of  convective  cirrus,  but  the  base  may  coincide 
with  a  good  wind- shift  or  shear  and  the  top  will  very  often  be  near  the 
tropical  tropopause. 

4.3.4.  Further  Notes. 

nMiMMMNMiaaMHMMHni 

4.3.4. 1.  It  has  been  noticed  that  the  bases  of  advectlve  cirrus 
are  higher  than  those  of  convective  cirrus.  Generally;  the  base  is 
33*000  to  39,000  feet  and  the  top  37,000  to  43,000  feet.  If  the  center 
of  the  Jet  is  below  300  mb,  it  is  very  possible  that  no  cirrus  at  all 
will  be  associated.  Convective  cirrus  may  be  at  any  altitude  from 
25,000  to  60,000  feet  (maybe  higher). 

4. 3.4. 2.  There  is  a  definite  diurnal  factor.  Advectlve  cirrus 
usually  forms  near  mid-morning  and  dissipates  near  sundown  [ see,  however, 
paragraph  3.3].  Thunderstorm  cirrus  is  not  usually  observed  six  hours 
after  termination  of  thunderstorm  activity  but  reappears  or  is  present 
at  dawn  (unless  the  thunderstorm  activity  lasts  all  night).  Frontal 
cirrus  may  be  observed  all  night. 

4. 3. 4. 3.  Even  when  cirrus  is  carried  as  scattered  or  broken  in 
the  hourly  sequences,  it  is  very  often  overcast  at  flight  level,  but 
low  density  does  not  permit  observation  from  the  ground.  This  usually 
occurs  in  the  fringe  areas  of  the  main  cirrus  region  [compare  para¬ 
graphs  2.1.6,  3.1#  and  3.3].  When  forecasting  cirrus,  it  is  safer  to 
call  it  overcast,  or  overcast  with  thin  spots. 

4. 3. 4. 4.  An  interesting  example  of  the  reverse  use  of  the  wind- 
profile  for  cirrus-height  determination  was  made  in  a  recent  [1953] 
record-breaking  B-47  flight  from  Limestone  APB  to  England.  Hi®  crew 
was  briefed  on  the  principle  of  maximum  winds  being  Just  at  the  top  of 
the  cloud  deck.  The  crew  was  advised  to  seek  out  this  level  when  winds 
were  between  250*  and  260*.  The  crew  reported  that  this  procedure  gave 
them  several  additional  knots  tall  wind  and  helped  them  to  establish 
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the  new  record. 

4, 3. 4. 5.  Contrail  forecasting  can  be  combined  with  the  neph- 
chart.  Areas  conducive  to  cirrus  formation  are  *ore  likely  to  have 
contrails  In  the  wurglnal  case  (90#  to  100#  hunidity  curves  of  the  dia¬ 
gram  in  AWSM  105-100  Rev. ) . 

4.4.0.  An  Approach  to  the  Problea  of  Cirrus-Cloud  Forecasting,  by 
R.  L.  Hendrick  [31h#  Hendrick  has  attested  to  devise  a  simple 
practical  nethod  of  cirrus  forecasting  by  c cabining  the  id«a  of  thick¬ 
ness  advectlon  as  nn  indirect  indication  of  vertical  notion  with  an 
indirect  Indication  of  aolsture  aloft,  on  a  single  chart  seen  thing  like 
the  one  suggested  by  Fletcher  and  Sartor  [23).  The  resulting  "cirrus- 
indicator  chart"  Is  considered  s  forecasting  aid  which  the  forecaster 
my  in  turn  Improve  upon  subjectively.  A  Halted  test  Indicated  the 
chart  used  by  itself  led  to  considerably  better  forecasts  than  those 
aerie  without  any  special  aid  cr  aethod,  but  even  so,  the  "skill*  shown 
was  rather  low.  The  chart  does  not  do  wall  In  suaaer  nor  for  scattered 
high-level  cirrus.  The  pertaeters  used  In  the  chart  ere  these  elves 
difficult  to  predict  accurately,  which  rather  critically  affects  the 
location  of  the  cirrus  -  no-cirrus  dividing  lint  end  hence  the  accuracy 
In  predicting  the  percentage  arse  of  the  prognostic  amp  which  will  have 
cirrus.  Hendrick’s  report  follows: 

4.4.1.  Introduction.  Observations  of  the  United  States  during  the 
colder  seasons  show  that  cirrus  clouds  occur  at  all  elevation*  between 
20,000  end  40,000  feet,  with  warmr  conditions  and  lower  latitudes 
favoring  the  higher  levels.  The  average  height  of  cirrus  appears  to  be 
approximately  30,000  feet. 

Fletcher  and  Sartor  [23],  French  and  Johaimessen  [24)  [and  para¬ 
graph  4.2),  Kndlleh  [20],  Sawyer  and  Ilett  [54],  Schwerdtfeger  (57)* 
and  Reed  and  Flaggs  [52]  are  aaong  those  who  have  reported  on  studies 
relating  various  synoptic  pares* ters  to  cirrus-cloud  formation.  South¬ 
erly  wind  components,  veering  winds  with  height,  500-ab  aolsture,  posi¬ 
tive  vorticity  advectlon,  positive  teaperature  advectlon,  the  east  side 
of  upper  troughs,  and  the  southerly  tide  of  westerly  jet  stream  have 
shown  varying  degrees  of  apparent  relationship  with  cirrus-cloud  form* 
tlon. 


*  Reprinted  with  permission  of  Sardis  Corporation. 
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It  Is  the  purpose  of  this  study  to  Investigate  a  combination  of  C 

parameters  which  may  be  related  to  cirrus-cloud  formation  in  such  a  way 
as  to  offer  further  possibilities  for  forecasting  improvement. 

4.4.2,  Selection  of  Parameters.  Upward  motion  and  high  relative 
humidity  at  the  cirrus  levels  are  the  properties  directly  related  to 
cirrus-cloud  formation.  Unfortunately,  direct,  accurate  measurements 
of  these  properties  are  ~ot  possible. 

Investigations  have  ,»wn  cirrus  clouds  to  be  associated  with 
southerly  wind  components,  veering  wind  with  height,  the  east  side  of 
upper  troughs,  or  the  west  side  of  upper  ridges.  These  associations 
suggest  s  reletlonship  between  cirrus  clouds  snd  warm-sir  sdvsction  st 
the  cirrus  levels.  Empirical  evidence  indicates  that  the  effect  on 
local  temperature  change  attributed  to  horizontal  temperature  advection 
is  ordinarily  reduced  by  vertical  motion,  or  upward  motion  la  usually 
associated  with  warm-air  advection.  A  further  check  on  the  validity  c : 
this  relationship  at  the  300~mb  level  was  medo  snd  it  was  found  to  be 
true  in  72%  of  240  casts  studied.  However,  the  average  of  two  12-hour 
advection  values  was  used  se  the  mean  over  the  12-hour  periods,  snd 
this  could  lead  to  soma  error.  Although  little  confidence  can  be 
placed  in  tne  figure  of  7#*  the  result  does  substantially  indicate  the  ( ) 
previously-stated  relationship  between  tOMperature  advection  end  verti¬ 
cal  motion. 

In  this  study,  the  sign  of  the  geos  trophic  advection  of  the  400- 
to  300-mb  thickness  on  the  400*mb  surface  was  selected  as  a  jaursumeter 
which  should  be  related  to  vertical  motion  and  eirrue-cloud  formation. 

The  use  of  thickness  advection  rattier  than  temperature  advection  at  a 
particular  level  allow#  a  study  of  mean  advection  through  a  eubetentlal 
layer  In  the  cirrus  region  and  also  permits  s  more  accurate  analysis. 

Temperatures  in  the  400-  to  300-mb  layer  do  net  permit  accurate 
relative-humidity  measurements.  However,  if  any  moisture  is  detected 
st  these  levels,  it  usually  signifies  s  condition  of  near  tabulation. 

The  presence  of  any  measurable  moisture  above  Use  400-wfc  level  mt 
selected  as  a  second  parameter  related  to  citrus-cloud  formation. 

The  two  parameters  seise  tad  for  study,  the  sign  of  the  400-  to 
300-rab  thickness  advection  and  the  presence  of  measurable  moisture  above 
*«00  mb,  are  presumedly  related  to  the  properties  necessary  for  cirrus- 
cloud  fonaation,  namely,  vertical  r  otlon  and  high  relative  humidity  st 
the  cirrus  level*. 
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4.4.3.  Cirrus-Cloud  and  Parameter  Bata  at  Mbuguerque.  Mexico. 
The  ptnaetsrs  described  above  vere  measured  at  Albuquerque,  New  Mexico 
for  each  12-hour  sounding  period  over  the  months  of  March,  April,  Octo¬ 
ber,  November,  and  December  1953-  Observed  cirrus  cloudiness  for  the 
same  period  at  Albuquerque  was  recorded  us  In*  a  5-hour  average  of 
tenths  of  cirrus  coverage  centered  at  the  03002  and  15002  qpper-air 
soundings.  fWo- tenths  or  mcrs  average  cirrus  coverage  was  considered 
a  "cirr»’*»  case"  and  leas  than  0.2  average  coverage  a  "no-cirrus  case." 
The  cirrus  and  no-cirrus  cases  were  then  compared  with  the  signs  of  the 
two  porameteru.  Table  YI  shows  the  results  of  these  data.  The  eaaes 
of  observed  cirrus  definitely  favor  the  combination  of  positive  advee- 
tion  and  measurable  moisture  above  400  Mb. 


moisture  above  400  mb 

no  moisture  above  400  mb 

positive  400-  to  30>mfc  thictoiees  advectiom 

negative  400-  to  jr/Mfc  thidenee*  adveetitm 


fable  TO  is  the  tetrachorlc  table  (see  Rroofca  and  Camsthera, 
"Statistical  Methods  in  Meteorology")  of  this  asms  data.  Set  estima¬ 
tion  of  poeltlvs  advectlon  and  measurable  moisture  is  considered  **  in¬ 
dicating  cisrue  while  all  other  semhimatioms  of  parameter  *ign»  a*1* 
considered  as  indicating  no  cirrus.  The  correspondence  between  the  in¬ 
dicator  data  and  the  observed  data  la  Stem  tetrachorlc  eorrelatl^i 

between  indicated- cirrus  and  no-eirrua  and  observed -eirrus  mM  r*~€irrw 
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TABLE  VII 

Tetrachoric  Table  of  Albuquerque  Cirrus  and  Upper- Air 

Parameter  Bata, 


Obaerved 


Ho  Clrru* 


ftetal 


d&atfllnstlact  expected  if  «m»  leiatie**  eadUrte 

betmn  seueaetar  elan*  and  obaerved  time 

•oieture  above  loo  *b 

a#  •oitture  above  too  afe 

peal tie*  %00-  to  300-ete  thiatoeaa  akfcreetlait 

nefative  bOO-  to  300 -efc  thUtnwet  edreeUcm 
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tt«iin*  £irrw~irmmur  chert  the  £9Mflg  ehart  far  aaeh  of  the 
tlv  pr*p*-ei.  The  am  Aa»fr*»d  aerated  u*^  im  of  tto 

Sta^l  im  $f  *  Use  free  drata  ley,  in*eot»ta  to  Souaton, 

•“*  Sfittfumte4  to  AhAy*  *  m*3  t,  Ch»i>yr»<  eirroa  tloode  at  HI 
iUtioru,  QT  }m  areally  epatie  ewr  twatara  felted  State*,  were 

platted  oa^  Kupyf*.i#  atari.  the  Upt  MmM#  4  a  tMtewa  t  lone  were 
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*****  p  la  fee  UtraeiM»*ie  tafeXa  for  thla  sane  data.  The  oorra- 
•xertaaea  Spyrn+m  the  ladle*  tor~«tmrt  data  and  the  obeenred  data  la 
m*  **•  Sftfmadm rUr  cwtetlAAM*  «u  eoap«ted  to  b«  rt  •  40.78*  An 
fit  Ilcuva  A4  *****  6 ad  aor*  eaaaa 

la*l*a*«4  Ha*'  cdMerwai  tlstta  aoloarx  ahowe  that  4ijf  of  the 

obaanrad  «^*yn  *%*  not  irdiaated.  Tha  •ramme  dally  area  of  indicated 
tlrraa  for  -ty*  ?6-day  tact  period  vac  29#  while  tha  aearace  dally  area 
of  obaerve^,  ftJm#  ^  y0t  in  thaaa  oaaas  tha  percentage  of  area  la 
coneidared  Uc  acne  aa  tha  percentage  of  a  tat  Iona.  Tha  correla¬ 

te01*  eoeff^n*^  hdtMean  daily  areal  percentages  of  indicated  and  ob- 
aanrad  ciry^  ***  caavruted  to  be  r  «  40.71.  It  appaara  that  while  In¬ 
dicated-  awj  *beerved-ctrrua  araaa  are  oloaaly  correlated,  tha  indloated- 
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cirrus  areas  are  consistently  smaller  than  the  oh 
this  being  the  major  discrepancy  between  the  clrr 
served-clrrua  charts. 

26  of  the  111  cirrus-observation  stations  we 
It  might  be  argued  that  the  cirrus- Indicator  char 
accurately  analysed  at  theee  stations.  This  is  0 
moisture  parameter.  The  correspondence  between  1 
no-cirrus  and  observed-cirrus  and  no-cirrus  cases 
sonde  stations  was  not  significantly  differei 


TABU  U. 

Tetrachoric  Table  of  Cirrus- Indicator  Chart  Test  Data 


Observed 


Indicated 


Circus 


Cirrus 
Ho  Cirrus 


Total 


Indicated  and  observed  correspondence  -  78* 

*  40.78 

()  *  distribution  expected  if  no  relation  exists 

between  indicated  and  observed  cirrus 


Figure  43  shows  the  percentage  of  cirrus  occurrence  over  mrmm 
studied.  It  is  evident  that  cirrus  occurs  more  frequently  over  the 
more  northerly  regions. 

Figure  44  shows  the  percentage  agreement  between  indloa  ted-cirrue 
and  no- cirrus  and  observed-cirrus  and  no- cirrus  cases  for  each  station. 
The  values  vary  fro®  a  lew  of  60*  at  Lander,  Wyoming,  to  a  high  of  91* 
at  Daggett,  California. 

Flgur..  45  and  46  ahoa  th.  pmwUg.  agr.aa.nt  for  clnv.  ud  no- 
clrrua  otm,  r»«p.otlv»l/.  0«graphleal  variation.  In  nguraa  44,  45, 

and  46  are  not  oonaidered  significant. 

Figures  47  through  50  are  a  sequence  of  cirrus-indicator  charts 
and  the  accompanying  observed- citrus  charts.  Two  independent  circus- 
cloud  areas  are  evident,  one  moving  rapidly  through  a  ridge  over  the 
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Figure  kK.  Percentage  Agreement  of  Bach  Station 
Between  Indicated  and  Observed  Conditions. 
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Figure  46.  Percentage  of  Observed  Ho-Cirru®  for 
All  Indicated  No-Cirrua  Cases. 
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Cirrus- Indicator  Chart  for  20  Dcoaabor  1954 
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northern  states  and  the  other  moving  very  slowly  ahead  of  a  cutoff  low 
in  the  far  southwest.  The  correspondence  between  indicated-cirrus  and 
no-elrrus  and  observed-cirrus  and  no-cirrus  cases  for  these  two  days 
was  84*,  6*  above  the  average  for  the  entire  period. 

Ihe  oirrus-indica tor-chart- test  results  show  the  chart  to  be  a 
fairly  re  able  indicator  of  existing  cirrus  and  no-cirrua  areas  over 
the  period  and  region  studied.  There  is  no  Mason  to  assume  thin  re¬ 
liability  would  not  hold  throughout  the  colder  seasons  between  25*  and 
50*  north  latitude. 

4.4.6.  Errors  and  Maitatiana.  Tha  degree  of  correspondence  be¬ 
tween  indicated-cirrus  and  no-cirrus  and  between  observed-cirrus  and 
no- cirrus  arena  ia  about  as  high  as  could  be  expected  when  errors  end 
limitations  are  considered.  Boat  dtgref  of  analysis  error  in  the 
cirrus-indicator  chart  is  unavoidable.  Relatively  minor  errors  in  the 
40C-ab  contour  analysis  and  In  the  400-  to  300-mb  thickness  analysis 
can  lead  to  substantial  errors  in  the  positive  and  negative  thickness 
advection  areas .  Measurable  Moisture  above  400  Mb  is  a  discontinuous 
space-variable  and  therefore  subject  to  analysis  error.  Minor  error* 
in  the  radiosonde  data  are  Often  undetected  and  can  lead  to  analysis 
errors.  All  clouds  reported  at  or  above  20,000  feet  above  the  ground 
were  consldertd  to  be  cirrus.  The  possibilities  for  errors  in  the 
obetrved-olrrus  charts  are  apparent. 

The  paransters  studied  are  Metric  ted  by  definition  to  the  400-  to 
300-Mb  layer.  The  ability  of  the  parameters  to  indicate  cirrus  which 
is  forming  outside  of  this  layer  is  uncertain.  An  example  of  the  fixed- 
layer  limitation  is  given  by  the  57  eaaes  of  observed  cirrus  which 
occurred  in  positive  thickness— advsc  tlcn  arses  but  with  no  moisture  m— 
ported  above  400  mb  because  the  -40*C  isotherm  was  below  the  400-sb 
surface.  Minus  40 *C  is  the  lowest  temperature  at  which  moistuM  can  be 
recorded.  In  these  cases,  it  was  Impossible  for  the  moistuM  parameter 

to  function  in  its  fixed  layer. 

Nuiy  oases  of  very  high  and  thin  cirrus  were  observed  when  no 
moistuM  was  Mportsd  above  the  600~mb  level.  In  these  cases,  the 
cirrus  may  have  been  forming  well  above  the  patens  ter  layer  in  tsmpsM- 
tuMs  too  cold  to  Mcord  moisture. 

The  cirrus-indicator  chart  cannot  be  analysed  In  sufficient  detail 
to  detect  cirrus  patches  that  form  In  an  association  with  local  advse- 
tlon  or  convection  processes.  These  small-scale  areas  of  cirrus  sm 
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usually  raportad  as  scsttsrsd  and  m  indicated.  Ths  data  also* 

scattered  cirrus  to  foe  less  reliably  indicated  than  broken  or  overcast 
cirrus.  Scattered  cirrus  accounted  for  333*  of  all  observed- cirrus  cases, 
and  accounted  for  44?S  of  the  cirrua  caaes  not  indicated  by  the  cirrus- 
indicator  chart. 

In  spite  of  the  inability  of  the  cirrua- indicator  chart  to  detect 
unusually  high-level  cirrus,  very  cold- temperature  cirrus,  and  scattered 
patches  of  localized  cirrus,  and  regardless  of  the  observational  and 
analysis  uncertainties  of  both  the  observed-cirrus  and  cirrus-indicator 
charts,  the  data  nevertheless  indicates  the  cirrus-indicator  chart  to 
be  a  fairly  reliable  indicator  of  existing  cirrus  and  no-cirrus  arena, 

*.*.7.  Use  of  the  Cirrus-Indicator  Chart  as  a  Forecasting  Aid. 

During  the  cimis-indicator-cha^t-tost  period,  24-hour  forecasts  of 
cirrus  coverage  over  the  western  United  States  were  prepared  by  this 
writer.  The  cirrus- indicator  chart  was  used  as  the  principle  forecast 
aid.  The  total  forecast  data  showed  63%  accuracy. 

Table  X  shows  the  tetrachoric  table  for  the  entire  forecast  data. 

Table  XIa  shows  the  forecast  results  for  the  four  stations  of  San 
dago,  £1  Centro,  and  Theraal,  California  and  Tuna,  Arizona.  The 
accuracy  for  these  four  stations  was  67%.  Those  four  stations  were 
examined  separately  In  order  to  make  a  comparison  with  24-hour  fore¬ 
casts  made  by  the  Sandta  Corporation  Meteorology  Section  for  the  Sal  ton 
Sea  Test  Base  without  the  aid  of  cirrus-indicator  charts. 

Table  Xlb  shows  the  results  of  the  Sal  ton  Sea  Forecasts.  The  ac¬ 
curacy  was  53%. 

The  Sal  ton  Sea  forecasts,  wade  without  reference  to  elrrus- 
lndicator  charts,  called  for  cirrus  60%  of  the  time  while  cirrus  was 
observed  but  22%  of  the  time.  At  the  selected  four  stations  in  the 
same  area,  cirrus  was  forecasted,  using  the  indicator  chart,  to  occur 
3&%  of  the  tine  and  was  obssrvsd  3l£  of  the  tine. 


It  appears  that  the  use  of  the  cirrus-indicator  chart  as  a  fore¬ 
casting  aid  leads  to  some  improvement  in  forecasting  accuracy.  A  sub¬ 
stantial  improvement  in  aoouracy  was  not  anticipated  because  of  the 
difficulties  In  prediction  of  the  paraneters  selected.  It  Is  believed 
Quite  significantly  that  the  use  of  the  c  irrua  -  Indicator  chart  as  a 
forecast  aid  leads  to  forecasts  which  properly  apportion  the  percentage 
of  cirrua  both  in  tins  and  space.  The  correlation  coefficient  between 
the  dally  percentages  of  predicted-  and  observed-cirrus  areas  was 
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oosputed  to  be  r  »  40.39.  The  principal  forecasting  difficulty  lo  in 
the  proper  location  of  the  cirrus  and  no- cirrus  areas.  This  relates  to 
the  difficulty  of  predicting  positive-  anti  negatlve-advection  areas. 


TABLE  X 

Tetrachoric  Table  for  Entire  Forecast  Test  Bata 


|  Observed 

Forecast 

Cirrus 

Mo  Cirrus 

Total 

Cirrus 

836  (620) 

720  (936) 

1556 

No  Cirrus 

694  (910) 

1590  (1374) 

2284 

Total 

i  . 

1530 

2310 

3840 

Verification 
rt  -  -W.5* 

-  63* 

( j  m  distribution  expected  if  no  relation  exists 
between  forecast  and  observed  cirrus 

TAJ22  XIa 

Forecast  Results  for  SDV,  ELCy  TRM,  and  TOM,  Using 
Cirrus -Indicator  Chart  as  a  Forecast  Aid. 


Forecast 

Observed 

Cirrus 

Mo  Cirrus 

Cirrus 

29 

33 

Mo  Cirrus 

21 

80 

Verification  *  67* 

TABLE  XXb 

Forecast  Results  for  SST8,  Without  Use  of 
Cirrus- Indicator  Chart. 


Observed 

Fortvivv 

Cirrus 

Mo  Cirrus 

Cirrus 

16 

40 

Mo  Cirrus 

4 

33 

Verification  »  53J^ 
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An  Objective  Method  of  Local  Forecasting  of  Clrroatratue 
Clouds,  by  H.  Appleman.  In  connection  with  the  Air  Weather  Service  pro¬ 
gram  for  wider  use  of  objective  forecasting  techniques,  Mr.  H.  Appleman 
at  the  Directorate  of  Scientific  Services,  Hqs  A MS,  made  a  pilot  Inves¬ 
tigation  in  1953-54  to  explore  the  feasibility  of  cirrus  forecasting  by 
such  an  approach.  Txo  parameters  were  selected  as  Indirect  indicators 
of  vertical  motion  and  humidity  and  acattergrams  prepared  for  one 
year’s  data  from  Fairbanks  (Alaska),  Caribou  (Maine),  Liverpool,  Wies¬ 
baden,  and  Port  Lyautey .  The  results  were  not  too  encouraging  in  the 
respect  that  the  relationships  found  varied  such  with  season  and  local¬ 
ity  —  which  brings  into  question  the  universality  of  application  of  the 
parameters  chosen.  Although  a  moderate  degree  of  "correlation'"  was 
shown,  the  forecasting  value  was  not  tested  on  independent  data.  From 
a  composite  of  all  the  scattergraas  it  was  Judged  thac  the  parameters 

H3oo  and  T3oo  *®re  moa*  universally  significant  and  that  an 
additional  test  of  these  on  independent  data  at  one  station  would  be 
desirable,  including  a  test  on  no-cirrus  days  also.  Ifcis  was  done  for 
Fairbanks  and  the  results  are  reported  below.  The  bias  of  having  to 
use  for  data  only  days  without  obscurations  preventing  observation  of 
cirrus  is  one  that  seriously  limits  the  validity  of  studies  of  this 
type  using  surface  cloud  observations.  Therefore,  aircraft  cloud  ob¬ 
servations  should  be  sought  if  at  all  possible.  This  bias  probably 
accounts  for  some  of  the  unexplainable  and  illogical  apparent  correla¬ 
tions  found  in  the  Appleman  seattergrama . 

The  detailed  report  of  Appleman  containing  the  original  acatter- 
grams  and  tables  for  all  the  station*  listed  above  is  not  reproduced 
here  because  the  results  of  the  further  test  on  Fairbanks  data  Indi¬ 
cated  the  original  parameters  wers  not  as  predictive  as  sons  combina¬ 
tions  of  them.  The  Fairbanks  test  report  given  below  is  sufficient  to 
show  the  method  and  sort  of  results  to  be  expected, 

Introduction.  An  unpublished  report  entitled  "An  Investi¬ 
gation  Into  the  Possibility  of  Forecasting  Clrrostratus  Clouds  by  Ob¬ 
jective  Methods  evaluated  various  meteorological  parameters  for  use  in 
forecasting  olrrustratus  clouds  over  five  widely  separated  geographical 
areas  for  all  four  seasons  of  one  year,  1951.  The  places  tested  were 
Fairbanks,,  Caribou,  Livexpool,  Wiesbaden,  and  Port  lyautey. 

Accurate  high-cloud  data  for  purposes  of  constructing  and  testing 
a  forecast  study  are  difficult  to  obtain.  The  only  routine  cirrus 
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(  )  observations  available  are  those  made  by  the  surface  observer  In  the 
hourly  observation  (recorded  on  the  WEAK- 10  fox*,  e.g.).  in  cases  of 
lower  broken  or  overcast  cloud  layers  the  presence  of  upper  clouds 
lra»©dlately  becomes  Questionable.  Nighttime  observations  of  n<gH 
clouds  also  are  unreliable*  Hence,  any  rasultlng  correlations  are 
biased  toward  usage  during  the  daytime  and  when  low  or  middle  clouds 
sx*e  absent  or  scattered.  To  reduce  this  bias  the  Questionable  cases 
were  individually  analysed  by  a  professional  Meteorologist  and  as  often 
as  possible  placed  in  the  proper  group.  However,  in  certain  areas  and 
seasons  the  questionable  cases  still  outnumbered  those  known. 

The  number  of  houra  of  combined  broken  or  overcast  cirrostratue 
was  counted  for  each  calendar  day,  based  on  local  time.  If  less  than 
three  hours  occurred,  the  day  was  defined  as  "non-cirrus"  (If);  if  three 
to  five  hours,  "partial  cirrus"  (P);  and  if  six  or  mors  hours,  "cirrus" 
(C).  The  upper-air  data  were  obtained  for  03008  on  the  forecast  date. 
Where  24-hour  changes  were  used,  the  value  at  03002  the  day  preceding 
was  subtracted  from  the  value  at  03002  of  the  forecast  day. 

Orapha  were  plotted  on  the  duration  of  elrrostrstus  (i.e.,  N,  P, 
or  C)  as  a  function  of  the  24-hour  change  in  temperature  at  300  mb 
(d^Tj).  tt»  24-hour  ohui*.  la  h.lght  at  300  at  (A^IL),  tfc.  m>  lapM- 
rat*  tetum  500  *b  and  300  ah  (*3-tj),  and  th.  {Might  at  300  ah  (H-), 
each  parameter  being  used  separately.  Scatter  diagrams  were  plotted 
of  the  duration  of  clrroatratus  aa  a  function  of  vs 

T3“T5  v*  *24*3*  **ld  T3"T5  va  ^24^3*  two  parameters  being  used  on  each 
graph.  The  data  were  separated  by  season  end  station.  Thus,  four 
graphs  and  three  scatter  diagrams  were  drawn  for  etch  station  for  eaoh 
season. 

Lines  of  best  fit  were  drawn  on  the  scatter  diagrams  visually 
separating  the  data  into  two  areas,  one  containing  as  many  cirrus  (C) 
and  partial-cirrus  (P)  cases  as  possible,  the  other  containing  chiefly 
non-cirrus  (H)  oases.  If  either  two  C  or  two  H  areas  were  defined  on 
one  graph,  the  total  values  of  H,  C,  or  P  for  both  areas  were  combined. 

If  the  parameters  used  had  been  directly  associated  with  the 
occurrence  of  cirrus,  the  best-fit  lines  would  have  been  simple.  How¬ 
ever,  since  the  parameters  available  were  only  Ixvdlreotly  related  to 
cirrus  formation,  the  lines  were  somewhat  complex.  Also,  they  tended 
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to  vary  between  stations  and  to  a  losaar  extent  between  seasons  for  a 
single  station.  In  order  to  Increase  the  probability  that  the  curves 
will  fit  future  Independent  data,  their  shapes  were  kept  as  elsple  as 
possible  and  not  distorted  to  pick  up  or  omit  Individual  cases.  In 
most  cases,  for  the  sane  parameters,  the  curves  were  of  the  sane  general 
shape  for  the  various  seasons  and  stations,  though  rather  differently 
placed  on  the  graph. 

Skill  scores  (see  AWSM  105-40)  were  calculated  for  each  scatter 
diagram.  These  skill  scores  could  be  considered  as  giving  only  a 
rough  index  as  to  the  significance  of  the  parameters.  The  more  complex 
the  curve,  the  less  weight  could  be  given  to  the  soore.  It  waa  pointed 
out  in  the  original  report  that  additional  data  were  needed  to  locate 
the  lines  of  demarcation  accurately.  Also,  it  was  indicated  that  be¬ 
fore  being  used  operationally,  the  graphs  must  be  checked  using  inde¬ 
pendent  data.  Such  a  check  with  a  larger  sample  of  Independent  data 
has  since  been  made  on  the  summertime  graphs  for  Fairbanks  (ladd  AFB), 
Alaska.  The  results  are  presented  below. 

t.5.2.  Results  of  Fairbanks  Summer  Test.  The  three  graphs  which 
appeared  most  sucoeseful  for  forecasting  clrrostratus  at  Fairbanks  in 
the  original  study  (bused  on  data  from  the  summer  of  1951)  ware  each 
based  on  three  parameters:  A^H^  vs  A^T^,  A24T3  ve  Tj-Tj,  and  vs 

T^-T^.  "  re;  ults  obtained  from  the  first  set  of  parameters  in  the 

original  study  ..re  shown  in  Figure  51.  In  the  cirrus  (C)  ares  there 
are  27  cases  of  olrrue  and  11  of  no  olrrusj  in  the  no-cirrus  (N)  area 
the  values  are  5  and  23  respectively.  This  gives  s  total  of  50  correct 
cases  out  of  66,  giving  s  "forecast  accuracy”  of  76jf  and  skill  score  of 
0.A8  (see  AWSM  105-*?). 

Using  the  earns  line  of  demarcation,  the  restate  of  the  new  study, 
based  on  the  data  from  the  summers  of  1952-53#  are  shown  in  Figure  52. 

In  order  to  increase  the  validity  of  the  test,  cases  of  doubtful  data 
were  omitted.  This  was  practicable  because  of  the  greater  quantity  of 
data  available.  Altogether,  As  quite  olear-eut  cases  of  cirrus  and  18 
of  no-olrrus  were  found.  The  C-Area  on  the  graph  included  32  cases  of 
cirrus,  9  of  no- cirrus*  the  N-Area,  10  and  9*  This  gives  a  forecasting 
accuracy  of  68£  and  skill  soore  of  0.26. 

Figure  53  combines  the  data  from  the  two  studies  using  the  origi¬ 
nal  line  of  demarcation.  The  C-Area  contains  59  casts  of  oirrus,  20  of 
no  cirrus;  the  N-Area,  15  and  32.  This  gives  a  forecasting  aocuracy 
of  ?££  and  a  skill  score  of  O.Al.  It  is  possible  that  slightly  greater 
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Figure  53.  The  Occurrence  of 
CArroatretua  aa  a  Function  of 
the  2%~Hour  Change  in  the  9e* 
perature  and  Height  at  300  ■&> 
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acouraol.a  could  b.  obtained  in  Figuma  52  end  53  u.lng  no.  im,.  of 
demarcation.  The  fact  that  akin  no  shown  ualng  the  original  line  of 
demarcation  with  the  now  data  lenda  might  to  the  genulneneaa  of  the 
relationship  batmen  the  parameters  tested  and  the  occurrence  or  non- 
occurrence  of  cirrostretua. 

The  results  of  the  4^*3  vs  T3-T5  graph  fro®  the  original  study 
am  shown  in  Figure  54.  In  the  C-Am.  there  are  26  cases  of  cirrus^  16 
Of  no-clrrus;  in  the  K-Area,  7  and  17.  The  forecasting  acoumcy  la  <5* 
the  .kill  ecom  0.30.  Suiprialngly,  the  us.  of  the  sal  imTof  £J_ 
cation  with  the  now  data  (Figure  55)  m.ulted  in  a  negligible  change  m 
the  foreeasting  accuracy  and  mu  mom.  Them  „„  30  cases  of  cirrus 
and  7  of  no-clmia  In  the  C-Area;  13  and  12  in  the  W-Area,  giving  a 
forecast  accuracy  of  6&  and  a  mil  acorn  of  0.30.  Combining  tha  two 
set.  of  data  It  ms  amn  that  the  results  could  ba  Improved  with  . 
Slightly  different  line  of  demmatlon  (Figure  56).  This  graph  give. 

61  cam.  of  cirrus  end  25  of  no-clrru.  in  the  C-Area;  15  and  27  £  the 

l't0  33  m  10  •  for*c“tln«  accuracy  of  6#  and  a  mil  acorn 
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Figure  54.  The  Occurrence  of  Cirroatretus  ■«  . 
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^17“““  ***  A24H3  vs  t3't5  ^P*1  fro”  «»  original  study 

and  a  "  _fJr*  57  by  "h®  80114  llno  at  demarcation  between  the  C- 
N-Areas .  The  C-Area  contains  27  eases  of  cirrus  and  12  of  no- 

clrrus;  the  N-Area,  7  and  22.  This  gives  a  frequency  accuracy  of  72* 

and  a  shill  score  of  0.44.  Altering  the  line  of  demarcation  .i^bt* 

as  shown  by  the  dashed  line,  results  In  30  cases  of  elm,,  and  iTof 

o-clrru.  In  the  C-Area;  4  cirrus  cases  and  20  no-clrrus  cases  In  the 

N-Area.  This  gives  a  forecasting  accuracy  of  74)4,  with  the  skill  score 

rr  Th*  daSh*<I  Une  °h0,m  *"  Meure  57  ls  «“  line 

which  best  separates  the  cirrus  and  no-clrrus  cases  when  all  the  data 

are  combined  (Figure  59),  thus.  It  Is  Interesting  to  see  that  It  fit. 

the  data  of  the  original  study  equally  as  well  a.  did  the  original 

line.  In  Figure  59,  the  0-Area  contains  64  cases  of  cirrus,  26  of 

13  “*  *•  rnl8  *  forecasting  accuracy  of 

70*  and  skill  score  of  0.35.  Being  th.  new  line  of  demarcation  fro. 

tesWpi*  195?I33  d*t*  ®*V*  the  °"  }  Poor  results  of  the 

test  (Figure  5o,.  Sere  the  C-Area  contains  34  oases  of  cirrus, 

12  of  no  cirrus;  the  H-Araa,  9  and  6.  This  gives  .  forecasting  accuracy 
Of  66*  and  a  akill  score  of  0.13.  y 

After  completion  of  the  study  of  "forecast  accuracy”  of  th.  thro, 
sets  of  parameters  ussd  separately,  the  1951-1952  data  were  used  to 
determine  whether  the  accuracy  could  be  Improved  by  co*>inlng  the  acts 

we  reused  fr'thf1*  ^  4"Brsation  “hom  *•>  «•«>>»■  53,  56,  and  59 

were  used  for  this  study  and  are  Identified  below  as  Criteria  I,  11 

and  III  respectively.  Only  those  cases  were  Included  for  which  all' 

ouslyKe^ithV*1;,bfe’  Apf>lylnS  811  thr**  s,t*  ot  parameters  slmultane- 
sly  with  majority  rule  determining  the  forecast,  actually  gave 

slightly  poorer  results  than  obtained  fro.  Criterion  II  used  by  Itself 

Being  two  criteria  at  a  time  Improved  th.  accuracy  ratio  of  the 

owever,  1  resulted  in  a  rather  large  number  of  indeterminate  cases, 

10""  P*rC,nt*8*  °f  COrr*°tly  ,0~“8t  —  —4 

,  71,6  ”,SUlts  of  th*  «<*PM*tive  study  are  shown  In  th.  fc' lowing 

S  th.  InTV'  COr”°Uy  f0r*0*Bt  18  «lv*n  followed 

by  the  number  of  mis...  and  then  by  th.  number  of  Indeterminate  cases 

totaf"  S^**'  *'  p*roanta«*  i»  ba..d  on  the 

total  number  of  case.  (60)  followed  in  parentheses  by  th.  percentage 

correct  after  eliminating  the  indeterminate  oases  ^ 
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a  vs  fn  j 
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C-Area 
N-Area 
Totals 
%  Correct 


[  32/10  33/9  (32/10 
9/9  12/6  6/1 2 1 
41/19  U5/15 138/22 
68  75  63 


34/8 

9/9 

43/17 

72 


30/7/5  24/2/16  J24/I/I7 
9/5/3  5/8/5  (  5/5/8 
39/13/8  29/10/21  (29/6/25 
65(75)  48(74)  J  46(83) 


^Jente  SSff  o theTl  "elat“P  «•* 

©logical  parameters  at  300  mb  it  <»  V*  U@S  certain  aeteor- 

shlP  can  be  deteimaned  by  methods  ***  rel*tlCR” 

report.  However.  the  relationship  1,  indlrtet  «dT 
etrong.  The  meteorological  panuaeters  directly  **  "0t 

fometlon  are  presumably  humidity  and  vert.li  clrro.tr.tus 

determine  whether  aaturatlon  win  take  pi1M  a^ T"'  t°eether 

saturation  levels,  which  determines  whether  t<®Per*t“™  »*  «“ 

These  ajay  be  considered  a.  "primary"  parameter'  WU  f,n>- 

vertical  notion  are  not  among  the  datT^iawi  t  hUBidl,;y  “d 
caster.  It  Is  nec.sa.ry  to  resort  to  “secondary”  p^!  f0”- 

be  associated  with  tha  primary  paramet*™  Q^u  sight 

studies.  Unfortunately  f  ZZ.ZZTZ,  £1?  *“  *  t'"S* 
have  a  one-to-one  relationship  bo  th*  ^  pEr**et#r*  do  not 

satisfactory.  *  r9a  ta  ean  °«var  be  completely 

The  value  to  the  forecaster  of  a  »» 

Its  accuracy,  the  existence  of  practical  alt.°UCv,*8  tM*  d8pTOd8  on 
coeparatlv.  eaae-of-ua.  of  the  various  Bethods  l^r1110^'  “d  0,8 
■ethod  of  forecasting  cirw.tr.tu.  had  proved  150 

developed  by  Prenoh  and  Johanneeaen  (m.l  The  method 

o«.r  th.  greatest  opportu^^^TST  ^  * 

method,  however,  1.  perhaps  Mt  wy  fop  tUu-  ^ch  a 

ment.  to  use,  whereas  an  objective  aid  of  th*  f  *nd  <,8t*ch~ 

be  applied  by  anyone,  one.  the  baalc  ™  r  Z  ”**  Pr*8ento<!  *>sre  can 
4-5-4-  Jgsrslatence  Porecn*.  usaV*,b**n  oon8tru<!‘«<S- 

casting  tool  was  tasted  by  AppltBM  by  findlnc  P8r8i8t8n°8  “  »  *>*•- 
and  non- cirrus  (N)  days  at  Fairbanks  wer.  r  °lrrU8  <0+p> 

similar  day.  (...  Tabic  JZFZ  ZllltZ"  Z  “  *- 

obtalned  by  using  meteorological  parameters.  "  “  S°°d  *“  01088 
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b.6  gHMt.tlon*  for  Further  Stu^r.  It  ...»  obvlou.  fro*  pnaent 
knowledge  tint  the  fully  aatlefaetory  solution  of  the  clrru.  forecaat- 
ng  problea  awaits  the  provision  of  routine  huaidlty  soundings  to  at 
least  the  trspopause,  and  perhaps  vertical  dieplace-ent  charts  la  addi¬ 
tion.  Ihe  following  topics  should  be  given  particular  attention,  either 
because  they  seen  to  be  promising  or  because  they  have  not  yet  been 
Si  von  any  adequate  trial: 

1.  How  does  cirrus  show  up  in  the  radiosoundings? 

2.  Upper-level  hunldlty  Indications  fron  radiosondes  and  fro* 

■  twer-level  parsasters  (paragraph  t.1.15). 

3.  Use  of  nephanalysis,  especially  of  aircraft  and  radar  ob¬ 
servations,  combined  with  other  techniques. 

(pa-gnph\.^;Pr0fUe  r0”  “4  C1™“  "  *"»  °f  “« 

5»  Trajectories  and  cirrus  occurrence . 

6.  Bevelopnent  of  cirrus  states  of  sky  (sse  paragraph  2.1. %] 

and  nodal,  for  their  succession.  In  various  synoptic  condition,  (see 
paragraph  3.5). 

It  is  of  great  Inportance  to  all  approaches  that  better  and  rare 
extenalv.  elm.  ob.erv.tlon.  be  obtalrodj  without  the.  data  for  study 

:  -f  ft-  verification  or  teat  of  hjL 

by  ‘lre”n  “*  ***  1501  (P»*»biy 

«d^3K  }  PWPO**  ahTOl4  *  P”"#d  *******  3.3.2 


Lons* 


5.0. 


Cirrus  (or  "cimfora")  clouds  art  conventionally  divided  Into 

1^*  g*ndrftI  ,Clrrua  (s>rop#r)'  clrro* tratus,  and  clrrocuaulua.  Ths 
latter  is  a  relatively  rare  cloud  and  aay  be  Ignored  for  practical  pur- 

PTOp*r  <•*'*<*•*  «»•  or  patchy  clrru.)  dot.  not  usually 
create  a  serious  operational  problaa.  Clrro.tr.tua  and  aatan.lv.  elm. 
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haze,  however,  are  troublesome  in  high-level  jet  operations,  for  aerial 
photography,  interception,  rocket  tracking,  and  guided-misslle  naviga¬ 
tion  systems,  etc.  Therefore,  some  requirement  for  cirrus  forecasting 
exists.  No  universally  applicable  nor  highly  successful  forecasting 
methods  have  been  found,  though  several  methods  have  been  advanced 
which  seem  to  have  some  success,  or  promise  of  success,  under  certain 
conditions . 

The  WMO  classification  of  cirrus  forms  used  in  present  observation¬ 
al  procedures  makes  distinctions  based  purely  on  the  visual  aspects  of 
the  clouds  as  seen  from  the  ground.  These  forms  unfortunately  do  not 
have  a  clear-cut  relation  to  the  physical  constitution  of  the  clouds 
nor  to  synoptic  conditions  associated  with  their  formation.  All  types 
of  cirrus  (except  perhaps  some  clrrocumulus )  consist  of  small  ice 
crystals  of  relatively  elemental  forms.  But  some  middle-level  clouds, 
cuch  as  altostratus,  also  often  contain  predominantly  ice  (or  snow) 
particles.  A  few  water  drops  can  persist  in  cirrus,  and  some  cases  of 
light  rime  icing  in  cirrus  are  thus  explained;  even  heavier  ice  may 
occur  in  anvils  close  to  the  top  of  the  parent  Cb. 

The  initial  formation  of  cirrus  normally  requires  that  cooling 
take  place  to  saturation  with  respect  to  water  and  to  temperatures  near 
-ko*C.  Under  these  conditions  water  droplets  are  first  formed  but  most 
of  them  immediately  freeze.  The  resulting  crystals  persist  as  long  as 
the  environmental  humidity  remains  near  ice- saturation;  a  deep  ice- 
saturated  layer  usually  exists  just  below  the  cirrus-formation  level, 
which  permits  long  cirrus  streamers  to  descend  (slowly)  to  lower  levels 
and  to  persist  for  many  hours  (or  even  perhaps  days)  before  evaporating. 
There  is  some  evidence  that  the  speed  of  the  cooling  and  the  kind  and 
abundance  of  "freezing  nuclei"  may  have  an  Important  effect  on  the  form 
and  occurrence  of  cirrus.  Slow  ascent  (cooling)  starts  erystalizstioa 
on  specially  favorable  freezing  nuclei  at  humidities  substantially  be¬ 
low  saturation  with  respect  to  water;  this  is  presumably  the  case  In 
extensive  cirrostratus  associated  with  warm- front  altostratus.  If  slow 
ascent  occurs  in  air  having  Insufficient  freezing  nuclei,  a  widespread 
haze  may  result  which  even  at  -30*  to  -4o*C  is  predominantly  of  water 
drops.  In  the  case  of  more  rapid  cooling  (ascent)  there  is  a  tendency 
for  the  first  condensation  to  contain  a  higher  proportion  of  water  drops, 
leading  to  a  "mixed  cloud"  (ice  and  water)  which  will  convert  to  ice  or 
snow  in  time.  Presumably,  dense  cirrus,  fine  cirme,  clrrocumulus,  and 
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anvil  cirrus  are  of  this  rapid-ascent  type ;  it  h*.s  bee*  '  •  *  d,  for 

example,  that  fine  cirrus  {proper)  is  formed  in  shallow  1.  „  under¬ 

going  rapid  convection  due  to  advectlon  of  colder  air  at  top  of  a  shear 
layer.  On  the  other  hand,  the  fine  cirrus  and  the  cirrostratus  are  so 
often  associated,  and  cirrostratus  is  so  often  reported  by  pilots  as 
developing  from  the  merging  of  fine  cirrus  streamers,  that  there  is 
question  whether  the  process  of  formation  in  cirrus  and  cirrostratus 
is  essentially  different.  Nevertheless,  the  prevailing  crystal  types 
in  cirrus  and  cirrostratus  seem  to  differ,  though  this  a ay  not  be  uni¬ 
versal  or  may  merely  represent  different  ages  in  a  characteristic 
cirrus-evolution.  The  old  hypothesis  that  all  cirrus  Is  formed  of 
"fall streaks"  is  possibly  worthy  of  re-examlnatlon  in  light  of  the 
above  considerations. 

Horizontal  visibilities  within  extensive  cirrostratus  over  middle 
latitudes  are  generally  between  500  feet  and  two  miles.  But  even  thin 
cirrus  hase,  invisible  from  the  ground,  often  reduces  the  visibility  to 
three  miles.  Burton’s  empirical  rule  for  forecasting  the  visibility 
has  been  successful  for  the  Arctic  cirrus  and  may  work  elsewhere. 

The  climatology  of  cirrus  occurrence  is  unsatisfactory  because  the 
usual  ground  observations  (in  humid  climates)  miss  more  than  50Jf  of  the 
true  frequency  or  amount,  and  aircraft  observations  are  very  scarce. 

The  aircraft  observations  available  provide  some  data  on  the 
heights  of  cirrus,  data  which  are  valuable  to  forecasters  as  an  aid  in 
forecasting  cirrus  heights  and  for  climatological  estimates  in  opera¬ 
tions  planning.  In  mid- latitudes ,  the  top  of  most  extensive  and  thick 
cirrus  layers  Is  at  or  within  several  thousand  feet  of  the  polar-tropo- 
peuse  height;  only  some  patchy  cirrus  la  found  between  the  equivalent 
polar- tropopause  height  and  the  tropical  (high)  tropops  lse .  A  small 
percentage  of  cirrus  cases  (including  even  sometimes  extensive  cirro- 
stratus)  is  ob&srvsd  in  the  lower  stratosphere  above  the  polar  tropo¬ 
pause,  up  to  50,000  feet,  Uit  mainly  below  the  level  of  the  Jet-stream 
core.  The  cirrus  of  the  equatorial  cone  also  generally  extends  to  the 
tropopause.  There  is  «  general  tendency  for  the  mean  height  of  the 
bases  to  Increase  from  hi^h  to  low  latitudes  more  or  Isss  parallel  to 
the  mean  tropopause  height,  ranging  from  7-5  km  at  70*-30*  latitude  to 
11  or  12  km  around  the  equator.  The  thickness  of  individual  cirrus 
layers  (the  clouds  art  often  multi-layered)  is  most  frequently  about 
250  ra  in  aid-latitudes;  some  cases,  however,  range  up  to  3000  a  or  more, 
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the  average  for  cirrus-affected  zones  (solid,  or  multi-layers  taken 
together)  being  about  2000  ra.  The  mean  thickness  of  the  cirrus- 
affected  zone  tends  to  increase  from  high  to  low  latitudes.  In  polar 
continental  regions  in  winter,  cirrus  virtually  comes  down  to  the 
ground.  In  mid- latitudes  and  tropics  there  is  little  seasonal  varia¬ 
tion  in  mean-cirrus  heights. 

Radar  cloud- detection  sets  appear  to  promise  much  more  complete 
cirrus  observations  than  possible  from  visual  observers. 

A  cirrus-forecasting  method,  whether  empirical  or  with  a  physical 
hypothesis,  should  exploit  what  is  already  known  about  cirrus  in  rela¬ 
tion  to  other  forecastable  parameters,  A  considerable  number  of  such 
parameters  have  been  tried  in  the  course  of  past  studies,  in  addition 
to  pure  extrapolation  of  the  movement  of  cirrus-cloud  ("neph")  systems. 
Except  for  the  use  of  the  surface-pressure  pattern,  these  are  all 
upper-air  parameters.  Most  of  them  were  tried  or  chosen  on  the  general¬ 
ly  accepted  hypothesis  that  cirrus,  like  other  clouds,  form  where  there 
is  sufficient  large-scale  vertical  motion  and  the  initial  humidity  is 
relatively  high.  Since  routine  direct  observations  or  evaluations  of 
these  two  parameters  at  high  levels  are  not  feasible  at  present,  the 
objective  has  been  to  find  accessible  parameters  which  provide  satis¬ 
factory  Indirect  Indications  of  vertical  motion  a nd/or  humidity  at  high 
levels.  Por  vertical  motion,  the  vorticity  adveotion  at  300  mb  appears 
to  be  the  most  promising  and  objective  indicator,  at  least  until  such 
time  as  suitable  vertical-motion  or  vertical-displacement  charts  can  be 
provided  by  NWP  methods.  The  use  of  qualitative  estimates  of  the  vor¬ 
ticity  advection  on  the  300-mb  chart  is  recommended  as  the  best  and 
easiest  aid  in  cirrus  forecasting.  However,  without  also  considering 
the  humidity,  an  accurate  estimate  of  the  vertical-motion  field  by  it¬ 
self  is  likely  to  forecast  the  "no- cirrus N  area  much  more  accurately 
than  the  cirrus  area.  Changes  In  humidity  iire  reasonably  well  indi¬ 
cated  by  present  United  States,  Canadian,  British,  French,  Swiss,  and 
West  German  radiosondes  down  to  -6o*C*  or  even  colder,  but  at  the  lower 
temperatures  the  indicated  values  are  not  usually  transmitted  (in  the 
United  States  and  Canada,  at  least).  Results  of  several  studies  suggest 
transmission  of  these  humidities  slight  5 ssr/e  as  a  valuable  adjunct  to 
the  vertical-motion  field  in  cirrus  forecasting;  this  is  being  investi¬ 
gated.  Wind-direct ton  aloft  and  the  humidity  measured  at  levels  well 
below  the  cirrus  have  been  proposed  as  indirect  indicators  of  300-mb 
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1  humidity ,  but  they  have  not  been  thoroughly  tried.  Moat  of  the  various 

parameters  chosen  in  the  more  empirical  procedures  which  have  been  used 
or  proposed  for  cirrus  forecasting  can  be  given  a  rational  interpreta¬ 
tion  as  having  Indirect  relations  to  humidity  or  vertical  motion.  For 
example,  the  models  of  frontal,  pressure,  contour,  and  wind  patterns 
associated  with  cirrus  are  in  this  category.  Such  methods  are  very  sub¬ 
jective  and  depend  on  considerable  experience  for  success.  Ikit  other 
hypotheses,  such  as  a  relation  of  the  temperature,  or  the  lapse-rate, 
or  the  wind  shear,  to  cirrus  occurrence  or  height,  do  not  sees  to  find 
much  convincing  statistical  support  nor  a  clearly  defensible  physical 
basis.  Statistical  techniques  for  local  cirrus  forecasting  tried  thus 
far  have  not  been  too  encouraging,  but  with  better  data  and  more  ex¬ 
perience  with  other  techniques  further  trials  of  this  sort  should  be 
worthwhile . 

Several  approaches  to  practical  cirrus  forecasting  are  recommended 
for  further  investigation,  clarification,  and  testing: 

a.  How  does  cirrus  show  up  in  the  temperature  soundings  (tem¬ 
perature  and  lapse  rate)? 

fc.  Use  of  upper-level  humidity  indications  from  radiosondes. 

c.  Use  of  nephanalysls  of  aircraft  and  radar  observations. 

d.  Relation  of  vertical-wind  profile  to  cirrus. 

©.  Trajectories  and  cirrus  occurrence. 

f.  Development;  of  cirrus  states-of-sky  on  an  operational- 
criteria  basis. 

g.  Development  of  models  of  the  succession  of  cirrus  skies 
for  various  synoptic  conditions  (especially  for  the  tropics  and  sparse- 
data  regions). 

Accelerated  basic  research  on  cirrus  physics  In  relation  to  cirrus 
forms  and  synoptic  conditions  will  be  essential  if  very  accurate  and 
detailed  cirrus  forecasts  should  become  necessary.  For  less  critical 
and  more  generalised  cirrus  forecasting,  adequate  results  should  be 
obtainable,  once  routine  cirrus  observations  by  radar  and  aircraft  and 
regular  humidity  soundings  to  the  tropopause  become  available. 
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APPENDIX  A  ( 

STUDY  OP  CIRRUS  CLIMATOLOGY  PROM  DATA 
TAKEN  ON  PROJECT  CLOUD  TRAIL 

A1,0.  Description  of  Project. 

Project  CLOUD  TRAIL  was  established  within  the  Air  Defense  Command 
in  conjunction  with  Air  Weather  Service  to  collect  high-level  weather 
information  from  jet  aircraft.  The  aircraft  were  to  accumulate  suffi¬ 
cient  data  to  serve  as  a  basis  for  improved  methods  of  forecasting  con¬ 
trails,  cirrus  clouds,  haze,  and  turbulence  at  the  heights  of  Jet-air- 
craft  operation.  To  obtain  these  data,  the  observational  phase  of  the 
Project  ran  from  1  December  1954  to  15  December  1955.  During  this 
period  36  fighter-interceptor  squadrons  based  in  the  United  States 
collected  data  over  23  upper-air  sounding  stations.  The  procedure  em¬ 
ployed  was  as  follows: 

a.  Each  day  from  approximately  one  hour  before  to  two  hours 
after  1530Z,  two  aircraft  were  vectored  to  a  point  25,000  feet  above  an 
upper-air  sounding  station.  The  aircraft  then  climbed  to  the  maximum 
altitude  obtainable,  maintaining  position  within  30  miles  of  the  station.  (  ) 

b.  The  wlngman  observed  whether  or  not  the  lead  aircraft  pro¬ 
duced  exhaust  trails  and  whether  they  were  continuous  or  intermittent, 
pronounced  or  faint,  including  bases  and  tops  of  layers  in  which  the 
trails  formed. 

c.  The  aircraft  attempted  to  penetrate  all  cirrus  and  haze 
layers,  avoiding  holes  in  the  cloud  layers.  The  leadman  estimated  the 
coverage  of  each  such  layer  in  tenths  as  well  as  the  measured  heights 
of  cirrus  and  haze  bases  and  tops  actually  penetrated.  During  the 
climb  he  also  reported  whether  or  not  turbulence  was  encountered  and 
its  intensity,  giving,  the  bases  and  tops  of  each  layer. 

A2.0.  Cloud  Observations. 

One  set  of  observations  made  by  Project  CLOUD  TRAIL  aircraft  dealt 
with  the  bases  and  tops  of  high-cloud  layers  as  measured  by  actual  pene¬ 
trations.  Since  the  aircraft  ascents  were  made  over  radiosonde  stations, 
accurate  temperature  measurements  were  available  for  all  reported 
heights.  Only  clouds  at  25,000  feet  and  above  were  tabulated;  most  of 
these  were  cirrus  but  some  altostratus  wa*s  undoubtedly  included. 
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A  statistical  summary  of  this  cloud  data,  as  obtained  from  the  air¬ 
craft  and  radiosonde  measurements  and  prepared  under  supervision  of  H. 
Appleman  and  Lt.  Col.  C.  A.  Spohn,  is  shwn  in  the  Tables  below.  The 
data  were  tabulated  separately  by  season,  latitude,  and  cloud  coverage. 
Latitude  effect  was  studied  by  dividing  the  stations  into  a  northern 
(N)  and  southern  (S)  group,  then  combining  them  (OS).  (The  southern 
stations  were,  with  exception  of  Norfolk  and  Washington,  all  in  the  South¬ 
west.)  The  dividing  line  used  was  39®N.  Coverage  also  was  broken  down 
into  two  groups:  scattered  (1/10  -  5/10),  and  broken,  including  over¬ 
cast,  (6/10  -  10/10), 

A2.1.  The  Tables  A1  -  A4  give  the  summaries  by  season,  and  Table  A5 
for  the  year.  The  rows  inclosed  in  boxes  are  the  ranges  where  the 
majority  or  all  of  the  cases  were  at  temperatures  warmer  than  -30*C,  and 
thus  probably  include  many  altostratus  clouds.  This  happened  chiefly 
in  the  spring,  summer,  and  autumn.  The  basis  for  this  opinion  will  be 
found  in  a  comparison  of  these  Tables  with  Table  A6,  which  gives  the 
distribution  of  temperatures  observed  on  all  flight  days  of  Project 
CLOUD  TRAIL.  (The  standard  and  mean  deviations  of  the  heights  with 
reference  to  the  mean  heights  in  these  Tables  are  discussed  in 
AW3  TR  105-110A.) 

The  seasons  were  defined  as  follows: 

Winter:  December-February 
Spring:  March-May 
Summer:  June-August 
Autumn:  September- November 

With  regard  to  the  data  on  thickness,  there  were  a  few  cases  in 
each  season  in  which  the  observers  reported  the  cloud  present  in  two 
layers . 

Table  A7  gives  the  mean  values  for  the  data  in  Tables  £1-5, 

A2.2.  In  as  much  as  the  data  in  the  preceding  Tables  (Al-7)  include 
a  certain  proportion  of  cases  of  middle  clouds,  the  conclusions  that 
might  be  drawn  from  the  tabulations  cannot  be  regarded  as  applying 
strictly  to  cirrus  clouds,  except  perhaps  in  the  winter  season.  A 
separate  tabulation  (Tables  A8-9)  was  therefore  made  of  those  cases 
when  the  temperature  of  the  cloud  base  was  -40*C  or  lower,  the  range 
in  which  the  clouds  are  indubitably  cirrus.  This  tabulation  may  be  of 
some  interest  to  cloud  physicists  but  cannot  be  of  much  climatological 
or  operational  value  because  there  are  so  many  cirrus  cases  excluded  - 

4JJ7M  C  •  S7  -  10 


137 


March  1957 


AWS  TR  105-130 

1.9. ,  those  that  occur  in  tha  range  -30*  to  -40#C. 

A2.3.  For  many  practical  purposes  it  ia  desired  to  know  what  la  the 
probability  of  encountering  clouu  e, ;  varioua  fixed  altitudes,  regions, 
seasons,  etc.  Tables  A10-12  provids  such  information  for  northeast, 
northwest,  and  southwest  United  States,  tabulated  from  the  Project 
Cloud-Trail  data  by  1000- ft  height  intervals.  The  columns  headed  F 
give  the  number  of  flights  reaching  the  respective  heights,  columns 
headed  C  give  the  number  of  cases  of  cloud  (probably  all  cirrus  above 
28, Of  feet)  encountered  on  the  flights  at  each  height,  and  columns 
headed  #  give  the  corresponding  percentage  frequencies  of  clouds 
(C/F).  Tabulations  by  individual  months  were  originally  prepared,  but 
the  small  number  of  cases  made  it  desirable  to  group  by  seasons. 


TABLE  A1 

Observed  Values  of  Cloud  Height, 
ness,  and  Temperature. 

VINTER 

Nuzber  of  Cases  and 
lusiulatlve  Percentages; 
6/10  -  10/10  Coverage 


Distribution 


Humber  of  cases  ana 
Cumulative  Percentages: 


Height 
(1000's  ft) 
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TABLE  A2 


Distribution  of  Observed  Values  of  Cloud  Height, 
Thickness,  and  Temperature. 

SPRING 


Number  of  Cases  and 
Cumulative  Percentages: 
(l/lO  -  5/10  Coverage) 


Number  of  Cases  and 
Cumulative  Percentages: 
(6/10  -  10/10  Coverage) 


N 

S 

us 

N 

s 

US 

Height 
(1000's  ft) 

No.  % 

No.  % 

No.  * 

No.  % 

No.  * 

No.  % 

125-2$ 

3?  (33] 

7  |§2 

39  (30 

35  (40 

12-4*51 

^_i42j 

29-32 

33-36 

37-40 
>  40 

38  (72] 
20  (93) 

5  (100I 

15  ,69, 

7  (91) 

fdSj 

53  171} 
27  (92) 

Ui$\ 

16  66 
16  (92) 

5  (100) 

6  ,73, 

4  (91) 

2  (100) 

22  T6QT 
20  (92) 

7  (100) 

Thickness  (100's  ft) 


19  15) 

33  >1, 

20  (57) 


18 

4 

14 


[71 


88)1  4  (89] 
i  (90 

13  (100] 


2 

7 

10 

11 

5 

5 


,(3] 

18) 

SI 

67) 


6 

3  (82 
11  (100) 


[V 


0  (0; 

?  63 


3 

2 

3 


[48] 

57 

171 


5,181 

5  (100] 


2 

10 

14 

14 


,(2 

(15 

(32 

1 

.SI 


0 


n 


Temperature  (*C) 


1  t  t 

>*  C\U1 

VJ1  O 

16 

14 

,<6) 

(25 

(40) 

s  (8) 

i  la! 

7 

19 

20 

,(S) 

®I 

1  1  1 
vnui  f 

5 

11 

(69) 

(85 

(98) 

6 

4 

1 

[£{ 

(92) 

31 

18 

12 

n 

[96) 

-61/65 
^  -66 

2  (100) 
mm  tm 

j  2  (100) 

4  (100) 

11 

[20} 

4 

19) 

15 

[19] 

7 

,32, 

7 

52) 

14 

38 

10 

(50) 

3 

[67) 

13 

55J 

12 

[71 1 

3 

[81) 

15 

74] 

9 

86 

2 

,91, 

11 

88 

6 

(98) 

1 

(95) 

7 

97] 

1  (100) 

1  (100) 

2  (100) 

1 
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TABLE  A3 

Distribution  of  Observed  Values  of  Cloud  Height, 
Thickness,  and  Temperature. 


SUMMER 

Number  of  Cases  and 
Cumulative  Percentages: 
(1/10  -  5/10  Coverage) 


Number  of  Cases  and 
emulative  Percentage*: 
(6/10  -  10/10  Coverage) 


Height 
(1000's  ft) 


37-JO 
>  *0 


hickness  (lOO'-s  ft) 

~u 

16-25 


>  75 


CC) 


*6/50 

51/55 
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0 


Distribution  of  Observed  Values  of  Cloud  Height, 
Thiclcnesa,  and  Temperature. 


AUTUMN 


Distribution  of  Observed  Values  of  Cloud-Base 
Height,  Thickness,  and  Base  Tewpera ture . 


Nuaber  of  Cases  and 
Emulative  Percentages: 
6/10  -  10/10  Coverage) 


Number  of  Cases  and 
luoulatlve  Percentages 
1/10  -  5/10  Coverage) 


Height 
(1000's  ft) 


Ho.  of 

Cases 


Cases 


X  T 

“8 

(2~ 

1<T 

17 

(%6) 

52  ( 

12 

[68> 

*0 

9 

(8* 

5 

(93) 

27 

A WS  TR  105-130 


March  1957 


TABUS  A  6 

Relative  Frequency  {%)  of  Temperatures  for  Selected-Altitude 
Intervale  from  All  Project-Cloud-Trail  Ascents. 

WINTER 


Temperature  in  ®C 

Height 
(100's  ft) 

<  -60* 

-55* 

to 

-60* 

to 

-55* 

-45* 

to 

-50* 

-40* 

to 

-45* 

-35* 

to 

-40* 

-30® 

to 

-35* 

>  -30® 

Mean 

Ten?. 

No. 

Cases  [ 

405  to  465 
365  to  405 
325  to  365 
285  to  325 
245  to  285 

l6,7 

25.6 

3.5 

34.0 

26.3 

36.0 

3.8 

0.2 

3i.| 

23.6 

39.5 

30.5 

*  i 

16.8 

20.1 

16.4 

46.2 

13.1 

1.3 

4.1 

3.6 

17.0 

35.7 

0.3 

0.9 

2.0 

38.8 

0.5 

9.3 

Qc8 

54.9 

55.5 

8:1 

40.4 

629 

m 

653 

605 

SPRING 


405  to  465 

26,6 

41.2 

24.3 

7.8 

0.2 

56.9 

5f0 

365  to  405 

29.4 

39.1 

19.9 

10.0 

1.5 

56.7 

649 

325  to  365 

1.2 

32.7 

49.5 

14.9 

1.8 

53.4 

6 73 

285  to  325 

1.3 

14.6 

48.5 

30.5 

5.0 

46.3 

678 

245  to  285 

0.3 

7.7 

19.4 

46.9 

23.5 

2.1 

37.9 

659 

SUMMER 


405  to  465 

45.4 

35.6 

14.3 

4.5 

0.2 

58.6 

595 

365  t©  405 

1.8 

33.8 

54.8 

e.s 

1.1 

53*8 

615 

325  to  365 

0.8 

21.6 

43.4 

34.1 

46.9 

624 

285  to  325 

0.2 

7.7 

25.4 

39.5 

27.2 

33.2 

622 

245  to  235 

0.3 

9.1 

30.7 

59.9 

30.0 

593 

FALL 


405  to  465  1 
365  to  405 
325  to  365 
285  to  325 
245  to  285 

41.5 

9.3 

40.8 

3§:S 

0.2 

15.2 

41*5 

42.4 

2.5 

0.3 

2.5 

9.2 
39.9 
20.1 

1.2 

0.3 

10.8 

46.6 

6.8 

0.2 

g.8 

*.7 

*5.1 

21.8 

50.6 

8:1 

42.0 

33.5 

564 

590 

| 

Mean  Temperature  of  All  Flights  and  Levels  Was:  -48.5* 
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TABXJS  Ad 


Height 

(1000*8 

ft) 


25-28 

29-32 

33-36 

37-40 
>  40 


Distribution  of  Observed  Values  for  All 
Cloude  Having  Base  Temperature  -4o*C  or 
Colder,  Project  Cloud  Trail, 


Spring 


Vinter 

N 

S 

No,  * 

Ho.  K 

-  ^ 

S 


Ho.  f 


95 

50 

30,000 

32, 40C 

Thlc’-ness  (100's  ft) 


10 


31,000 


Cases  |  9°  **  A16  32  |  92  8 

Median  |  1,700  2,100  2,300 


Temperature  ( *C) 


No.  of 
Cases 


---- _ _ _ ■ _ i_ 

Median  (  -49.6  -48.7  |  -48.7  |  -49.2  [-50.7  1-45.0  I -46.5 


10 


-44.0 


36,000 

2,3*0 

33,900 

3,120 

9* 

8** 

North 

South 

30,500 

2,560 

32,810 

2,730 

95 

50 

31,900 

3,230 

32,^00 

3,570 

120 

32 

38.000 

32,500 

*.*50 

5,200 

58 

r 
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